
145 (new). A composition comprising the antibody of claim 143, and a 
pharmaceutically acceptable carrier. 



REMARKS 

The title has been amended to recite "ANTIBODIES TO VERTEBRATE 
DELTA PROTEINS AND FRAGMENTS" such that the title is clearly indicative of the 
claimed subject matter. 

The specification has been amended to reflect that the present application is a 
divisional application of Application Serial No. 08/981,392, filed December 22, 1997. The 
specification has also been amended to incorporate the correct sequence identifiers pursuant 
to 37 C.F.R. § 1.821(d) and the Sequence Listing submitted herewith pursuant to 37 C.F.R. 
§ 1.821(c). 

The specification has been amended at page 29, lines 26, 28 and 33, and at 
page 30, line 21 to insert the same material as that incorporated by reference, in accordance 
with M.P.E.P 2163.07(b) and 608.01(p). No new matter has been introduced. Specifically, 
Kozbor et al., 1983, Immunology Today 4:72 (a copy of which is attached hereto as Exhibit 
A) was incorporated by reference at page 29, lines 26 and 33 of the specification with respect 
to the description, at page 29, lines 23-30, for types of production of antibody molecules by 
continuous cell lines. The actual text of the first sentence of the Abstract at page 72, and the 
actual text of the first two sentences of the section entitled Selection of antigen-specific cells 
on page 76, left column have been inserted into the specification. Additionally, Kohler and 
Milstein, 1975, Nature 256:495 (a copy of which is attached hereto as Exhibit B) was 
incorporated by reference at page 29, line 28 of the specification with respect to the 
description, at page 29, lines 23-30, for types of production of antibody molecules by 
continuous cell lines. The actual text of a sentence on page 495, left column, has been 
inserted into the specification. Further, Huse et al., 1989, Science 246:1275-1281 (a copy of 
which is attached hereto as Exhibit C) was incorporated by reference at page 30, line 21 of 
the specification with respect to the description, at page 30, lines 13-21, for the production of 
phage Fab expression libraries. The same subject matter as in the text from page 1277, left 
column, to page 1278, right column, has been inserted into the specification. 

Applicants submit herewith a Declaration under 37 C.F.R. § 1.68 and 
M.P.E.P. 608.01 (p) which states that the amendatory material that was included in the 
specification at page 29, lines 26, 28 and 33 consists of the same material incorporated by 
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U S Application Serial No.: To be assigned; Divisional of Serial No. 08/981,392 

Pennie & Edmonds LLP Docket No.: 7326-122 

n . ATMS THAT WTLL BE PENDTNG T TPON ENTRY OF PRELIMTN AR Y AMENDMENT 



29. An antibody which binds a vertebrate Delta protein, which Delta protein is 
encoded by a first nucleic acid that hybridizes under low stringency conditions to a second 
nucleic acid, or its complement, which second nucleic acid is selected from the group consisting 
of the chick Delta sequence of SEQ ID NO:l, the antisense strand to the cUck Delta sequence of 
SEQ ID NO:l, the chick Delta sequence of SEQ ID NO:3, the antisense strand to the chick Delta 
sequence of SEQ ID NO:3, the mouse Delta sequence of SEQ ID NO:l 1, the antisense strand to 
the mouse Delta sequence of SEQ ID NO: 1 1 , the human Delta sequence of SEQ ID NO: 14, the 
antisense strand to the human Delta sequence of SEQ ID NO: 14, the human Delta sequence of 
SEQ ID NO:26, the antisense strand to the human Delta sequence of SEQ ID NO:26, the mouse- 
human Delta consensus sequence of SEQ ID NO:24, and the antisense strand to the mouse- 
human Delta consensus sequence of SEQ ID NO:24, said low stringency conditions comprising 
pretreatment for 6 hours at 40°C in a solution containing 35% formamide, 5X SSC, 50 mM Tris- 
HC1 (pH 7.5), 5 mM EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, and 500 ng/ml denatured salmon 
sperm DNA; hybridization for 18-20 hours at 40°C in a solution containing 35% formamide, 5X 
SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 ^ig/ml 
denatured salmon sperm DNA, and 10% (wt./vol.) dextran sulfate; washing for 1.5 hours at 55 °C 
in a solution containing 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA and 0.1% SDS; and a 
second washing for 1 .5 hours at 60°C in a solution containing 2X SSC, 25 mM Tris-HCl (pH 
7.4), 5 mM EDTA and 0.1% SDS, and which antibody does not bind a Drosophila Delta protein. 

30. An antibody, which binds a human Delta protein, which Delta protein is 
encoded by a first nucleic acid that hybridizes under low stringency conditions to a second 
nucleic acid, or its complement, which second nucleic acid is selected from the group consisting 
of the human Delta sequence of SEQ ID NO: 14, the antisense strand to the human Delta 
sequence of SEQ ID NO: 14, the human Delta sequence of SEQ ID NO:26, and the antisense 
strand to the human Delta sequence of SEQ ID NO:26, said low stringency conditions 
comprising pretreatment for 6 hours at 40°C in a solution containing 35% formamide, 5X SSC, 
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,0 mM Tris HC, (pH 7.5), 5 mM EDTA, 0.1% PVP, 0.!% Ficoll, 1% BSA, and 500 ug/m! 
50 mM Tns-HU tpti containing 
denatured salmon spenn DNA; hybridization for ™»»»«" C 0.02% Ficon, 

35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.02 / PVP, 
^/o _m^A ™d 10% (wt /vol.) dextran sulfate; 

0,% BSA, ,00 ug/m, denatured salmon sperm DNA and /, ( . ) g 

mM EDTA and 0.1% SDS; and a second washing for 1.5 hours at c 
™, 2 5rnMT ri s-HCl(pH7.4),5,nMEDTAa„dO,%S D S,wh i chdoesno,hinda 

Drosophila Delta protein. 

3 1 The antibody of claim 29 or 30 which is monoclonal. 
32. A molecule comprising a fragment of the antibody of claim 31, winch 

fragment binds a ve rtebrate Delta protein. ~~77~7T7 

antibody winch bmds to a 

vertebrate Delta protein; and a pharmaceutical* acceptable earner, winch Delta protem ,s 
^ bya^^^^ 

n^ac d or * complement, which second nucleic acid is selected from the group counting 
nuclei, or the ^nse strand to the chick Delta sequence of 

of the chick Delta sequence of SEQ ID NU.i, uie 

of spn TT) NO-3 the antisense strand to the cmcK ueuu 
SFOIDN01,thechicki)etesequenceofSEQlDMU.J,m C 

bb^iuiNw.i,i QunmNO-ll the antisense strand to 

„ n fwn TD NO-3 the mouse Delta sequence of SEQ ID NU. mc 

se 4 »ence of SEQ ID NO. 3 ^ of SEQ ID NO:14, the 

, t „emouseZ«asequenceofSEQIDN0.1 a, human Dete sequence of 

1 an .kensestrandtothehumanDetesequenceofSEQlDNU.ii,m 

I!l^ to consen S usse q uenceofSEQIDNO:24,and.heant,se„sestrandto,hemo U se- 
human itelto condjtions compnslng 

SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2/. BSA « ,g/ 

nNA and 10% (wt /vol.) dextran sulfate; washing for 1.5 hours at 55 C 
denatured salmon sperm DNA, and (wt 0.1% SDS; and a 

in a solution containing 2X SSC, 25 mM Tns-HCl (pH 7.4), 5 mM EDTA 
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„ w fori 5 hours at 60°C in a solution containing 2X SSC, 25 mM Tris-HCl (pH 
6! Acon^positioncomprisinganan.ountofan.g.nen.ordenvat.veofan 
^odvtoavertebrateDenaprotein containing the binding dotnain of the antibody; and a 

NO :l,fteantisensestrandtothechickMm sequence of SEQ ID NO. 1 , 

ofSEOIDNO-3 the antisense strand to the chick Delta sequence of SEQ ID NO.3 
sequence of SEQ NOJ. ^ tQ ^ ^ ^ ^ of 

mouse Delta sequence of SEQ ID NO.l ^ ^ ^ ^ 

SEQ ID NO:U, the human ^sequence of SEQ ID NO.l 

3 M M sequence of SEQ ID NO:14, the human Delta sequence of SEQ1DN0.26, 

A ^Lhuman D e ta se q uenceo f SEQIDNQ : 26,*emouse-huma„^oonsensus 

strandtoth eh ^ the mtisense strand to the mouse-human M a consensus 

sequence ^U W ^«^«^'»^ fa61,m 

- sequence of SEQ ID NO.«,s 5 ^ 

5 at 40°C in a solution containing 35% fbrmam>de, 5X SSC, 50 mM 1 * 

■ n , »/ „• „n 1 »/ BS A and 500 ug/ml denatured salmon sperm DNA, 

'.'«. EDTA,0.1%PVP,0.1%Ficoll, 1 /„ BbA, ana duu ^ cvqcfsomM 

- , • f 1 8 20 hours at 40°C in a solution containing 35% formamide, 5X SSC, 50 mM 
: a hybnd.zat.on for 18-20 hours at denatured 

i n Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% PVP, 0.02% F.coU, 0.2 /o ' ^ 55°c in a 

, v,- fnr 1 s hours at 60°C in a solution containing 2X SSC, 25 mM ins 
Please add the following new claims: 
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MO-23 and the human Delta sequence of SEQ ID NOS:65-80. 
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100. The composition ot claim ouoroi, 
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101 . A fragment of the antibody of claim 29 or 30, which fragment binds a 

vertebrate Delta protein. 

102. The antibody of claim 29, 30, 31 or 99, which antibody is purified. 

103. The fragment of claim 101, which fragment is purified. 

104. The molecule of claim 32, which molecule is purified. 

105. The antibody of claim 29, in which the Delta protein comprises the amino 

acid sequence of SEQ ID NOS:65-80. 

106. The antibody of claim 29, in which the Delta protein comprises the amino 

acid sequence of SEQ ID NO:23. 

107. The antibody of claim 29, in which the Delta protein is encoded by a first 
nucleic acid that hybridizes under low stringency conditions to a second nucleic acid, or its 
complement, which second nucleic acid is selected from the group consisting of the human Delta 
sequence of SEQ ID NO: 14, the antisense strand to the human Delta sequence of SEQ ID 
NO:14, the human Delta sequence of SEQ ID NO:26, and the antisense strand to the human 
Delta sequence of SEQ ID NO:26, said low stringency conditions comprising pretreatment for 6 
hours at 40°C in a solution containing 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 
mM EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, and 500 ug/ml denatured salmon sperm DNA; 
hybridization for 18-20 hours at 40°C in a solution containing 35% formamide, 5X SSC, 50 mM 
Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 ug/ml denatured 
salmon sperm DNA, and 10% (wt./vol.) dextran sulfate; washing for 1.5 hours at 55°C in a 
solution containing 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA and 0.1% SDS; and a 
second washing for 1.5 hours at 60°C in a solution containing 2X SSC, 25 mM Tris-HCl (pH 

7.4), 5 mM EDTA and 0.1% SDS. 

108. The antibody of claim 29, in which the Delta protein is encoded by a first 
nucleic acid that hybridizes under low stringency conditions to a second nucleic acid, or its 
complement, which second nucleic acid is selected from the group consisting of the mouse- 
human Delta consensus sequence of SEQ ID NO:24, and the antisense strand to the mouse- 
human Delta consensus sequence of SEQ ID NO:24, said low stringency conditions comprising 
pretreatment for 6 hours at 40°C in a solution containing 35% formamide, 5X SSC, 50 mM Tris- 
HCl (pH 7.5), 5 mM EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, and 500 ug/ml denatured salmon 
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sperm DNA; hybridization for 18-20 hours at 40°C in a solution containing 35% formamide, 5X 
SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 ug/ml 
denatured salmon sperm DNA, and 10% (wt./vol.) dextran sulfate; washing for 1.5 hours at 55°C 
in a solution containing 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA and 0.1% SDS; and a 
second washing for 1.5 hours at 60°C in a solution containing 2X SSC, 25 mM Tris-HCl (pH 

7.4), 5 mM EDTA and 0.1% SDS. 

109. A method of making an antibody comprising: 
(a) administering an immunogenic amount of a vertebrate Delta protein to a host animal, 
in which the Delta protein is encoded by a first nucleic acid that hybridizes under low stringency 
conditions to a second nucleic acid, or its complement, which second nucleic acid is selected 
from the group consisting of the chick Delta sequence of SEQ ID NO:l, the antisense strand to 
the chick Delta sequence of SEQ ID NO:l, the chick Delta sequence of SEQ ID NO:3, the 
antisense strand to the chick Delta sequence of SEQ ID NO:3 , the mouse Delta sequence of SEQ 
ID NO:l 1, the antisense strand to the mouse Delta sequence of SEQ ID NO:ll, the human Delta 
sequence of SEQ ID NO: 14, the antisense strand to the human Delta sequence of SEQ ID 
NO:14, the humane sequence of SEQ ID NO:26, the antisense strand to the human Delta 
sequence of SEQ ID NO:26, the mouse-human Delta consensus sequence of SEQ ID NO:24, and 
the antisense strand to the mouse-human Delta consensus sequence of SEQ ID NO:24, said low 
stringency conditions comprising pretreatment for 6 hours at 40°C in a solution containing 35% 
formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, 
and 500 ug/ml denatured salmon sperm DNA; hybridization for 18-20 hours at 40°C in a 
solution containing 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% 
PVP, 0.02% Ficoll, 0.2% BSA, 100 ug/ml denatured salmon sperm DNA, and 10% (wt./vol.) 
dextran sulfate; washing for 1.5 hours at 55°C in a solution containing 2X SSC, 25 mM Tris-HCl 
(pH 7.4), 5 mM EDTA and 0.1% SDS; and a second washing for 1.5 hours at 60°C in a solution 
containing 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA and 0.1% SDS, such that an 
antibody to said Delta protein is produced by said host animal; and 
(b) recovering the antibody. 

1 10. The method of claim 109, in which the Delta protein comprises the amino 

acid sequence of SEQ ID NOS:65-80. 
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1 1 1. The method of claim 109, in which the Delta protein comprises the amino 

acid sequence of SEQ ID NO:23. 

112. The method of claim 109, in which the Delta protein comprises the amino 

acid sequence of SEQ ID NO: 12. 

1 13. The method of claim 109, in which the Delta protein is encoded by a first 
nucleic acid that hybridizes under low stringency conditions to a second nucleic acid, or its 
complement, which second nucleic acid is selected from the group consisting of the human Delta 
sequence of SEQ ID NO:14, the antisense strand to the human Delta sequence of SEQ ID 

NO: 14, the human Delta sequence of SEQ ID NO:26, and the antisense strand to the human 
Delta sequence of SEQ ID NO:26, said low stringency conditions comprising pretreatment for 6 
hours at 40°C in a solution containing 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 
mM EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, and 500 jig/ml denatured salmon sperm DNA; 
hybridization for 18-20 hours at 40°C in a solution containing 35% formamide, 5X SSC, 50 mM 
Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 ug/ml denatured 
salmon sperm DNA, and 10% (wt./vol.) dextran sulfate; washing for 1.5 hours at 55°C in a 
solution containing 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA and 0.1% SDS; and a 
second washing for 1.5 hours at 60°C in a solution containing 2X SSC, 25 mM Tris-HCl (pH 

7.4), 5 mM EDTA and 0.1% SDS. 

1 14. A method of making an antibody comprising: 
(a) administering an immunogenic amount of a fragment of a vertebrate Delta protein to a 
host animal, in which the fragment comprises a domain of the protein selected from the group 
consisting of the extracellular domain, DSL domain, domain amino-terminal to the DSL domain, 
epidermal growth factor-like repeat domain, transmembrane domain, and intracellular domain, in 
which the Delta protein is comprises an amino acid sequence encoded by a first nucleic acid that 
hybridizes under low stringency conditions to a second nucleic acid, or its complement, which 
second nucleic acid is selected from the group consisting of the chick Delta sequence of SEQ ID 
NO:l, the antisense strand to the chick Delta sequence of SEQ ID NO:l, the chick Zte/te 
sequence of SEQ ID NO:3, the antisense strand to the chick Delta sequence of SEQ ID NO:3, the 
mouse Delta sequence of SEQ ID NO: 1 1 , the antisense strand to the mouse Delta sequence of 
SEQ ID NO:l 1, the human Delta sequence of SEQ ID NO: 14, the antisense strand to the human 
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Delta sequence of SEQ ID NO: 14, the human Delta sequence of SEQ ID NO:26, the antisense 
strand to the human Delta sequence of SEQ ID NO:26, the mouse-human Delta consensus 
sequence of SEQ ID NO:24, and the antisense strand to the mouse-human Delta consensus 
sequence of SEQ ID NO:24, said low stringency conditions comprising pretreatment for 6 hours 
at 40°C in a solution containing 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM 
EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, and 500 jig/ml denatured salmon sperm DNA; 
hybridization for 18-20 hours at 40°C in a solution containing 35% formamide, 5X SSC, 50 mM 
Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 ug/ml denatured 
salmon sperm DNA, and 10% (wt./vol.) dextran sulfate; washing for 1.5 hours at 55°C in a 
solution containing 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA and 0.1% SDS; and a 
second washing for 1.5 hours at 60°C in a solution containing 2X SSC, 25 mM Tris-HCl (pH 
7.4), 5 mM EDTA and 0. 1% SDS, such that an antibody to said fragment is produced by said 

host animal; and 

(b) recovering the antibody. 

115. The method of claim 1 14, in which the fragment of the vertebrate Delta 
protein comprises the membrane-associated region of the Delta protein. 

116. The method of claim 1 14, in which the fragment of the vertebrate Delta 
protein comprises an epidermal growth factor-homologous repeat of the protein. 

117. The method of claim 114, in which the fragment of the vertebrate Delta 
protein consists of at least 20 contiguous amino acids of the vertebrate Delta protein. 

118. The method of claim 114, in which the fragment of the vertebrate Delta 
protein lacks the transmembrane and intracellular domain of the protein. 

119. The method of claim 1 14, in which the fragment of the vertebrate Delta 
protein lacks the extracellular domain of the protein. 

120. The method of claim 1 14, in which the fragment of the vertebrate Delta 
protein lacks the epidermal growth factor-like repeats of the protein. 

121. An antibody produced by the method of claim 109, which does not bind a 

Drosophila Delta protein. 

122. An antibody produced by the method of claim 1 14, which does not bind a 

Drosophila Delta protein. 
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123. The antibody of claim 121 or 122, in which the antibody is monoclonal. 

124. The antibody of claim 121, 122 or 123, in which the antibody is purified. 

125. A composition comprising an amount of an antibody of claim 121, 122, 123 
or 124, and a pharmaceutically acceptable carrier. 

126. The method of claim 109 or 1 14, in which the Delta protein comprises an 
amino acid sequence selected from the group consisting of the chick Delta sequence of SEQ ID 
NO:2, the mouse Delta sequence of SEQ ID NO: 12, the human Delta sequence of SEQ ID 
NO:23, and the human Delta sequence of SEQ ID NOS:65-80. 

127. The method of claim 109 or 1 14, in which the Delta protein comprises an 
amino acid sequence selected from the group consisting of the human Delta sequence of SEQ ID 
NO:23. 

128. The method of claim 109 or 1 14, in which the Delta protein comprises an 
amino acid sequence selected from the group consisting of the human Delta sequence of SEQ ID 
NOS:65-80. 

129. A method of making an antibody comprising: 

(a) administering an immunogenic amount of a protein comprising a fragment of a 
vertebrate Delta protein to a host animal, in which the fragment comprises a domain of the 
protein selected from the group consisting of the extracellular domain, DSL domain, domain 
amino-terminal to the DSL domain, epidermal growth factor-like repeat domain, transmembrane 
domain, and intracellular domain, in which the Delta protein is comprises an amino acid 
sequence encoded by a first nucleic acid that hybridizes under low stringency conditions to a 
second nucleic acid, or its complement, which second nucleic acid is selected from the group 
consisting of the chick Delta sequence of SEQ ID NO:l, the antisense strand to the chick Delta 
sequence of SEQ ID NO:l, the chick Delta sequence of SEQ ID NO:3, the antisense strand to the 
chick Delta sequence of SEQ ID NO:3, the mouse De/ta sequence of SEQ ID NO:ll, the 
antisense strand to the mouse Delta sequence of SEQ ID NO: 1 1 , the human Delta sequence of 
SEQ ID NO:14, the antisense strand to the human Delta sequence of SEQ ID NO:14, the human 
Delta sequence of SEQ ID NO:26, the antisense strand to the human Delta sequence of SEQ ID 
NO:26, the mouse-human Delta consensus sequence of SEQ ID NO:24, and the antisense strand 
to the mouse-human Delta consensus sequence of SEQ ID NO:24, said low stringency 
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conditions comprising pretreatment for 6 hours at 40°C in a solution containing 35% formamide, 
5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, and 500 
ug/ml denatured salmon sperm DNA; hybridization for 18-20 hours at 40°C in a solution 
containing 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% PVP, 
0.02% Ficoll, 0.2% BSA, 100 ug/ml denatured salmon sperm DNA, and 10% (wt./vol.) dextran 
sulfate; washing for 1.5 hours at 55 °C in a solution containing 2X SSC, 25 mM Tris-HCl (pH 
7.4), 5 mM EDTA and 0.1% SDS; and a second washing for 1.5 hours at 60°C in a solution 
containing 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA and 0.1% SDS, such that an 
antibody to said Delta fragment is produced by said host animal; and 
(b) recovering the antibody. 

130. The method according to claim 129, in which the fragment of the Delta 
protein is joined via a peptide bond to an amino acid sequence of a second protein, in which the 
second protein is not the Delta protein. 

131. A method of making a monoclonal antibody comprising: 

(a) administering an immunogenic amount of a vertebrate Delta protein to a mouse, in 
which the Delta protein is encoded by a first nucleic acid that hybridizes under low stringency 
conditions to a second nucleic acid, or its complement, which second nucleic acid is selected 
from the group consisting of the chick Delta sequence of SEQ ID NO: 1 , the antisense strand to 
the chick Delta sequence of SEQ ID NO:l, the chick Delta sequence of SEQ ID NO:3, the 
antisense strand to the chick Delta sequence of SEQ ID NO:3, the mouse Delta sequence of SEQ 
ID NO: 1 1 , the antisense strand to the mouse Delta sequence of SEQ ID NO: 1 1 , the human Delta 
sequence of SEQ ID NO: 14, the antisense strand to the human Delta sequence of SEQ ID 
NO: 14, the human Delta sequence of SEQ ID NO:26, the antisense strand to the human Delta 
sequence of SEQ ID NO:26, the mouse-human Delta consensus sequence of SEQ ID NO:24, and 
the antisense strand to the mouse-human Delta consensus sequence of SEQ ID NO:24, said low 
stringency conditions comprising pretreatment for 6 hours at 40°C in a solution containing 35% 
formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, 
and 500 ug/ml denatured salmon sperm DNA; hybridization for 18-20 hours at 40°C in a 
solution containing 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% 
PVP, 0.02% Ficoll, 0.2% BSA, 100 ug/ml denatured salmon sperm DNA, and 10% (wt./vol.) 
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dex*an sulfate; washing for 1 .5 hours a. 55«C in a solution containing 2X SSC, 25 mM Tns-HC. 
(pH 7 4) 5 mM EDTA and 0.1% SDS; and a second washing for 1.5 hours at 60°C in a soluhon 
containing 2X SSC, 25 mM Tris-HCl (pH 7.4). 5 mM EDTA and 0.1% SDS; 

(b) recovering spleen cells from said mouse; 

(c) fusing the recovered spleen cells with a cell of a mouse myeloma to generate 

hybridomas; . 

(d) screening to select a hybridoma producing antibody to said vertebrate Delta protetn; 

and 

(e) recovering the antibody. 

132. A method of making amonoclonal antibody comprising: 
(a) fusing a spleen cell from a mouse immunized with an immunogenic amount of a 
vertebrate Delta protein with a cell of a mouse myeloma to generate hybridomas, in whtch the 
Delta protein is encoded by a first nucleic acid that hybridizes under low stringency condtttons to 
a second nucleic acid, or its complement, which second nucleic acid is selected from the group 
consisting of the chick Delta sequence of SEQ ID NO:l, the antisense strand to the c^Delta 
sequence of SEQ ID NO:l, the chick Delta sequence of SEQ ID NO:3, .he antisense strand to the 
chick Ue/tt sequence of SEQ ID NO:3, the mouse Delta sequence of SEQ ID NO:ll, the 
antisense strand to the mouse Delia sequence of SEQ ID NO:ll. the human Delta sequence of 
SEQ ID NO-14, the antisense strand to the humanD* sequence of SEQ ID NO:14, the human 
! Delta sequence of SEQ ID NO:26, the antisense strand to the human Delta sequence of SEQ ID 
: NO-26 the mouse-human Delta consensus sequence of SEQ !D NO:24, and the antisense strand 
to the mouse-human Delta consensus sequence of SEQ ID NO:24, said low stringency 
conditions comprising pretreatmen, for 6 hours a. 40°C in a solution containing 35% formam.de, 
5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, and 500 
ug/ml denatured salmon sperm DNA; hybridization for 18-20 hours at 40«C in a sohmon 
Lining 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% PVP, 
0 02% Ficoll, 0.2% BSA, 100 ug/ml denatured salmon sperm DNA, and 10% (wt./vol.) dextran 
sulfate; washing for 1.5 hours at 55°C in a solution containing 2X SSC, 25 mM Tris-HCl (pH 
7 4) 5 mM EDTA and 0.1% SDS; and a second washing for 1.5 hours at 60°C in a solufon 
cont'aining 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA and 0.1% SDS; 
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(b) screening to select a hybridoma producing antibody to said vertebrate Delta protein; 



and 



(c) recovering the antibody. 

133. A method of making a monoclonal antibody comprising: 
(a) administering an immunogenic amount of a vertebrate Delta protein to a host animal, 
in which the Delta protein is encoded by a first nucleic acid that hybridizes under low stringency 
conditions to a second nucleic acid, or its complement, which second nucleic acid is selected 
from the group consisting of the chick Delta sequence of SEQ ID NO:l. the antisense strand to 
the chickDelta sequence of SEQ ID NO:l, the chickDelta sequence of SEQ ID NO:3, the 
antisense strand to the chick Delta sequence of SEQ ID NO:3, the mouse Delta sequence of SEQ 
ID NO:l 1, the antisense strand to the mouse Delta sequence of SEQ ID NO:l 1, the human Delta 
sequence of SEQ ID NO: 14, the antisense strand to the human Delta sequence of SEQ ID 
NO: 14, the human Delta sequence of SEQ ID NO:26, the antisense strand to the human Delta 
sequence of SEQ ID NO:26, the mouse-human Delta consensus sequence of SEQ ID NO:24, and 
the antisense strand to the mouse-human Delta consensus sequence of SEQ ID NO:24, said low 
stringency conditions comprising pretreatment for 6 hours at 40°C in a solution containing 35% 
formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, 
and 500 ug/ml denatured salmon sperm DNA; hybridization for 18-20 hours at 40°C in a 
solution containing 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% 
PVP, 0.02% Ficoll, 0.2% BSA, 100 ug/ml denatured salmon sperm DNA, and 10% (wt./vol.) 
dextran sulfate; washing for 1.5 hours at 55 °C in a solution containing 2X SSC, 25 mM Tris-HCl 
(pH 7.4), 5 mM EDTA and 0.1% SDS; and a second washing for 1.5 hours at 60°C in a solution 
containing 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA and 0.1% SDS; 

(b) recovering lymphocytes from said host animal; 

(c) fusing the recovered lymphocytes with a cell of a myeloma, plastocytoma or 
lymphoblastoid cell line to generate hybridomas; 

(d) screening to select a hybridoma producing antibody to said vertebrate Delta protein; 

and 

(e) recovering the antibody. 

134. A method of making a monoclonal antibody comprising: 
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(a) fusing a lymphocyte from a host animal immunized with an immunogenic amount of 
a vertebrate Delta protein with a cell of a myeloma, plastocytoma or lymphoblastoid cell line to 
generate hybridomas, in which the Delta protein is encoded by a first nucleic acid that hybridizes 
under low stringency conditions to a second nucleic acid, or its complement, which second 
nucleic acid is selected from the group consisting of the chick Delta sequence of SEQ ID NO: 1 , 
the antisense strand to the chick Delta sequence of SEQ ID NO: 1 , the chick Delta sequence of 
SEQ ID NO:3, the antisense strand to the chick Delta sequence of SEQ ID NO:3, the mouse 
Delta sequence of SEQ ID NO: 1 1 , the antisense strand to the mouse Delta sequence of SEQ ID 
NO: 1 1 , the human Delta sequence of SEQ ID NO: 1 4, the antisense strand to the human Delta 
sequence of SEQ ID NO: 14, the human Delta sequence of SEQ ID NO:26, the antisense strand 
to the human Delta sequence of SEQ ID NO:26, the mouse-human Delta consensus sequence of 
SEQ ID NO:24, and the antisense strand to the mouse-human Delta consensus sequence of SEQ 
ID NO:24, said low stringency conditions comprising pretreatment for 6 hours at 40°C in a 
solution containing 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.1% 
PVP, 0.1% Ficoll, 1% BSA, and 500 ug/ml denatured salmon sperm DNA; hybridization for 18- 
20 hours at 40°C in a solution containing 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 
mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 ug/ml denatured salmon sperm DNA, 
and 10% (wt./vol.) dextran sulfate; washing for 1.5 hours at 55°C in a solution containing 2X 
SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA and 0.1% SDS; and a second washing for 1.5 
hours at 60°C in a solution containing 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA and 
0.1% SDS; 

(b) screening to select a hybridoma producing antibody to said vertebrate Delta protein; 

and 

(c) recovering the antibody. 

135. A method of making a monoclonal antibody comprising: 
(a) administering an immunogenic amount of a vertebrate Delta protein to a host animal, 
in which the Delta protein is encoded by a first nucleic acid that hybridizes under low stringency 
conditions to a second nucleic acid, or its complement, which second nucleic acid is selected 
from the group consisting of the chick^te sequence of SEQ ID NO:l, the antisense strand to 
the chick Delta sequence of SEQ ID NO:l, the chick Delta sequence of SEQ ID NO:3, the 
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antisense strand to the chick Delta sequence of SEQ ID NO:3, the mouse Delta sequence of SEQ 
ID NO: 1 1 , the antisense strand to the mouse Delta sequence of SEQ ID NO: 1 1 , the human Delta 
sequence of SEQ ID NO: 14, the antisense strand to the human Delta sequence of SEQ ID 
NO: 14, the human Delta sequence of SEQ ID NO:26, the antisense strand to the human Delta 
sequence of SEQ ID NO:26, the mouse-human Delta consensus sequence of SEQ ID NO:24, and 
the antisense strand to the mouse-human Delta consensus sequence of SEQ ID NO:24, said low 
stringency conditions comprising pretreatment for 6 hours at 40°C in a solution containing 35% 
formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 raM EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, 
and 500 ug/ml denatured salmon sperm DNA; hybridization for 18-20 hours at 40° C in a 
solution containing 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% 
PVP, 0.02% Ficoll, 0.2% BSA, 100 ug/ml denatured salmon sperm DNA, and 10% (wt./vol.) 
dextran sulfate; washing for 1.5 hours at 55 °C in a solution containing 2X SSC, 25 mM Tris-HCl 
(pH 7.4), 5 mM EDTA and 0.1% SDS; and a second washing for 1.5 hours at 60°C in a solution 
containing 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA and 0.1% SDS; 

(b) recovering lymphocytes from said host animal; 

(c) immortalizing the recovered lymphocytes with Epstein-Barr virus to generate 
immortalized cells; 

(d) screening to select an immortalized cell producing antibody to said vertebrate Delta 

protein; and 

(e) recovering the antibody. 

1 36. A method of making a monoclonal antibody comprising: 
(a) immortalizing a lymphocyte from a host animal immunized with an immunogenic 
amount of a vertebrate Delta protein with Epstein-Barr virus to generate immortalized cells, in 
which the Delta protein is encoded by a first nucleic acid that hybridizes under low stringency 
conditions to a second nucleic acid, or its complement, which second nucleic acid is selected 
from the group consisting of the chick Delta sequence of SEQ ID NO: 1 , the antisense strand to 
the chick Delta sequence of SEQ ID NO: 1 , the chick Delta sequence of SEQ ID NO:3, the 
antisense strand to the chick Delta sequence of SEQ ID NO:3, the mouse Delta sequence of SEQ 
ID NO: 1 1 , the antisense strand to the mouse Delta sequence of SEQ ID NO: 1 1 , the human Delta 
sequence of SEQ ID NO: 14, the antisense strand to the human Delta sequence of SEQ ID 
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NO: 14, the human Delta sequence of SEQ ID NO:26, the antisense strand to the human Delta 
sequence of SEQ ID NO:26, the mouse-human Delta consensus sequence of SEQ ID NO:24, and 
the antisense strand to the mouse-human Delta consensus sequence of SEQ ID NO:24, said low 
stringency conditions comprising pretreatment for 6 hours at 40°C in a solution containing 35% 
formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, 
and 500 ug/ml denatured salmon sperm DNA; hybridization for 18-20 hours at 40°C in a 
solution containing 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% 
PVP, 0.02% Ficoll, 0.2% BSA, 100 ug/ml denatured salmon sperm DNA, and 10% (wt./vol.) 
dextran sulfate; washing for 1.5 hours at 55 °C in a solution containing 2X SSC, 25 mM Tris-HCl 
(pH 7.4), 5 mM EDTA and 0.1% SDS; and a second washing for 1.5 hours at 60°C in a solution 
containing 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA and 0.1% SDS; 

(b) screening to select an immortalized cell producing antibody to said vertebrate Delta 

protein; and 

(c) recovering the antibody. 

137. A method of producing a phage Fab expression library comprising: 
(a) isolating spleen cells from a host animal immunized with an immunogenic amount of 
a vertebrate Delta protein, in which the Delta protein is encoded by a first nucleic acid that 
hybridizes under low stringency conditions to a second nucleic acid, or its complement, which 
second nucleic acid is selected from the group consisting of the chick Delta sequence of SEQ ID 
NO:l, the antisense strand to the chick Delta sequence of SEQ ID NO:l, the chick Delta 
sequence of SEQ ID NO:3, the antisense strand to the chick Delta sequence of SEQ ID NO:3, the 
mouse Delta sequence of SEQ ID NO: 1 1 , the antisense strand to the mouse Delta sequence of 
SEQ ID NO: 1 1 , the human Delta sequence of SEQ ID NO: 14, the antisense strand to the human 
Delta sequence of SEQ ID NO: 14, the human Delta sequence of SEQ ID NO:26, the antisense 
strand to the human Delta sequence of SEQ ID NO:26, the mouse-human Delta consensus 
sequence of SEQ ID NO:24, and the antisense strand to the mouse-human Delta consensus 
sequence of SEQ ID NO:24, said low stringency conditions comprising pretreatment for 6 hours 
at 40°C in a solution containing 35% formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM 
EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, and 500 ug/ml denatured salmon sperm DNA; 
hybridization for 18-20 hours at 40°C in a solution containing 35% formamide, 5X SSC, 50 mM 
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Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 ug/ml denatured 
salmon sperm DNA, and 10% (wt./vol.) dextran sulfate; washing for 1.5 hours at 55 °C in a 
solution containing 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA and 0.1% SDS; and a 
second washing for 1.5 hours at 60°C in a solution containing 2X SSC, 25 mM Tris-HCl (pH 
7.4), 5 mM EDTA and 0.1% SDS; 

(b) amplifying, by polymerase chain reaction, antibody heavy and light chain nucleotide 
sequences from messenger RNA isolated from the spleen cells; 

(c) cloning the amplified heavy chain and light chain nucleotide sequences into a lambda 
phage vector to produce a heavy chain library and a light chain library, respectively; 

(d) combining and ligating the heavy and light chain nucleotide sequences from the heavy 
chain and light chain libraries to produce a phage Fab expression library that co-expresses 
antibody heavy and light chains; and 

(e) screening the expression library for a phage that binds said Delta protein. 

138. The method of claim 131, 132, 133, 134, 135, 136 or 137, which second 
nucleic acid is selected from the group consisting of the human Delta sequence of SEQ ID 
NO:14, the antisense strand to the human Delta sequence of SEQ ID NO:14, the human Delta 
sequence of SEQ ED NO:26, the antisense strand to the human Delta sequence of SEQ ID 
NO:26, the mouse-human Delta consensus sequence of SEQ ID NO:24, and the antisense strand 
to the mouse-human Delta consensus sequence of SEQ ID NO:24. 

139. The method of claim 131, 132, 133, 134, 135, 136 or 137, in which the 
Delta protein comprises the amino acid sequence of SEQ ID NOS:65-80. 

140. The method of claim 131, 132, 133, 134, 135, 136 or 137, in which the 
Delta protein comprises the amino acid sequence of SEQ ID NO:23. 

141. The method of claim 131, 132, 133, 134, 135, 136 or 137, in which the 
Delta protein comprises the amino acid sequence of SEQ ID NO: 12. 

142. An antibody produced by the method of claim 131, 132, 133, 134, 135, 136 

or 137, which does not bind a Drosophila Delta protein. 

143. The antibody of claim 142, in which the antibody is purified. 

144. A composition comprising the antibody of claim 142, and a 
pharmaceutically acceptable carrier. 
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145. A composition comprising the antibody of claim 143, and a 
pharmaceutically acceptable carrier. 
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The production of monoclonal antibodies from 

human lymphocytes 

Danuta Kozbor and John C. Roder 

Two. conceptually unique approaches are currently available for the production of human monoclonal antibodies - 
the 'hybridoma' technique, based on the fusion of antibody-producing B lymphocytes with plasmacytoma cells or 
lymphoblastoid cell lines; and the use of Epstein-Barr virus (EBV) to 'immortalize' antigen-specific, human B 
lymphocytes. Here Danuta Kozbor and John Roder discuss the contribution each technique is making, alone or in 
combination, towards the desired. aim of producing human monoclonal antibodies with a defined specificity. 



The hybridoma technique 
Murine plasmacytomas as fusion partners 

The production of human monoclonal antibodies by 
fusion 1 has been hampered, mainly by the current scarcity 
of human cell lines which when fused will support the 
secretion of immunoglobulin. In the meantime, HAT- 
sensitive murine plasmacytomas have been fused with 
human lymphocytes, to yield mouse x human hybrids 
that secrete human antibody against the Forssman 
antigen 2 , human mammary carcinoma cells', keyhole 
limpet hemocyanin (KLH) 4 and tetanus toxoid 5 . These 
interspecies hybridomas preferentially segregate human 
chromosomes , making the derivation of stable lines secret- 
ing human antibody an enormously laborious task. 
However, loss of human chromosomes from mouse x 
human hybridomas is not random. It is known that human 
chromosomes 14 (heavy chain) and 22 (light chain-A) are 
preferentially retained, whereas chromosomes 2 (light 
chain-x) is preferentially lost 6 - 7 . Even hybrids possessing 
the appropriate human chromosomes often fail to secrete 
human Ig, because the appropriate environmental 
triggering stimuli are absent 8 . 

Human plasmacytomas as fusion partners 

Since the chromosomal constitution of intraspecific 
human hybrids is much more stable, human x human 
hybridomas are more likely to be a useful source of specific 
human monoclonal antibodies. However, cells of the most 
differentiated human lymphoid neoplasia, the plasma- 
cytoma, can only rarely be maintained in continuous 
culture. The basis for classification of these lines lies in the 
identity between the myeloma protein in vivo and the 
immunoglobulin synthesized in vitro. In addition, 
plasmacytoma cells have abundant rough endoplasmic 
reticulum (RER), few free polyribosomes, numerous 
mitochondria, and a well-developed Golgi apparatus, 
, These cells never carry Epstein-Barr virus (EBV) and are 
usually aneuploid 9 . Despite numerous efforts to establish 
long-term cultures of human plasmacytomas, only 10 lines 
which fulfil the above criteria have been reported to date; 
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as shown in Table I 10 " 18 . Of these only 2 have been rendered 
deficient in the purine salvage enzyme, hypoxanthine- 
guanine phosphoribosyl transferase (HGPRT) and are 
suitable as fusion partners and for selection in medium 
containing hypoxanthine, aminopterin and thymidine 
(HAT). (Table II). 

The first reported human hybridoma produced mono- 
clonal antibodies against 2, 4-dinitrophenyl(DNP) hapten 
and was obtained with the HAT-sensitive plasma cell line 
U-266AR1 which was renamed SK0-007 (Ref. 19) and 
which originated from the IgE-producing myeloma 
U-266. It was reported elsewhere that among HGPRT" 
sublines of U-266, ease of fusion correlated with rate of 
division 20 and that U-266AR1 divided twice as fast as the 
U-266 parental line". This subline U-266AR1 was fused 
with the uninvolved splenic lymphocytes from a Hodg- 

TABLE I. Characterization of human myeloma cell lines 



Cell line Tissue of origin Karyotype 



Class of Ig 
produced 
In vivo In vitro Rtt 







r 


Not 




detected 


e,A 


£,A 


£,A 


£,A , 


M 


o\A 


M 


<5,A 


A 


A 




A 


A 


A 



10 , 
14 
15 



RPMI8226 Peripheral blood Neartriploid 
ARH77" Peripheral blood 45-56 
L363 Peripheral blood 49, X, +8M, 

-5, -6, +7, 

-8, 14q+, 

-22 

266 BL Peripheral blood Near diploid 
268 BM Bone marrow Near diploid 
LA 49 Pleural effusion Polyploidy 

(23-250) 
Oda Subcutaneous 46 

plasmacytoma 
KMM 56 Pleural effusion 71(49-144) 
Karpas707 Peripheral blood 45,XY,Ph + 

and bone 

marrow 

KMM - 1 Subcutaneous 47, X, - V, 

plasmacytoma lq+, -2, +t 
(l:2)(cen:cen), 
+ 7,i2q+, 
14q + , + mar 

•ARH 77 appears to be a LCL since it was subsequendy found to* 
EBNA-positive 52 . 
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f kin's lymphoma patient sensitized with dinitrochloro- 
lbenzeneover2 weekspriorto surgery. In experiments with 
*5 separate spleens, average fusion frequencies of 3 7 x 10" 7 
|were calculated from the data given. Approximately 28 % 
bf wells containing hybrids produced IgG and 1 . 7 % of all 
hybrids were specific for DNP. Hybrids produced 3-1 1 ^g 
day" 1 of monoclonal IgG, anti-DNP antibodies. 
^Xttempts to reproduce the results were not successful for 
\ two years, probably due to a mycoplasma infection of the 
^cells 2 ' . Apparently a mycoplasma-free subline of SKO-007 
f has been used successfully by Cote at the Sloan-Kettering 
' institute, New York (reported by Sikora and Neville, Ref. 
*22). 

Another HAT-sensitive fusion partner of putative 
plasmacytoma origin, TM-H2, was derived from the 
RPMI-8226 line 23 . However, unlike the parental line 
which secretes A light-chain dimers' 0 , TM-H2 secretes 
IgGx. Because it is unlikely that there are genetic changes 
.:>. 

TABLE II. Human fusion partners 



in both the heavy-and light-chain genes , and in view of two 
other reports that some RPMI-8226 lines in circulation are 
of mouse 24 and non-human primate origin 2 *, one would 
like to see definitive karyotypic and isoenzymatic evidence 
that TM-H2 is of human origin. Lymphocytes from the 
peripheral blood or bone marrow of normal donors were 
fused with TM-H2 and 1.3-7.4% of all hybrids produced 
natural antibodies against sheep erythrocytes (SRBC) or 
various human tumor cell lines 25 . Hybridization fre- 
quencies were remarkably high (10 "') (G. Price, personal 
communication), and putative hybridomas secreted up to 
10 fig antibody ml"' (10 6 cells)"'. Most reactions were 
rather weak and in the absence of titrations we assume that 
these natural monoclonal antibodies are of low affinity. 
Stability was not mentioned and no formal proof was 
presented that the authors were dealing with true hybrids 
rather than lymphoblastoid cell lines which might have 
arisen from the donor lymphocyte population. 





Fusion Partner 




Source of 








Hybridomas 








Avail- 




Fusion 


CeD 


Class of 


Resistant 


donor 


Fusion 


Specific 


Specificity 


Ig secre- 


Specific 


Cloning 


Division 


Stability 


ability 


Ref. 


partner 


type 




to 


lymphocytes 0 


frequency 


hybrids 




tion 


Ig class 


effi- 


time 


(months) 


of 






secreted 






(x 10" 7 ) 


(%) 




0*g/ml) 




ciency 
(%) 


(h) 




fusion 
partner* 




SKO-007 


Plasmacytoma 


e,A 


8-AG 


Immune spleen 


37 


1.7 


DNP 


3-11 


IgG 


ND" 


ND 


ND 


Yes 


19 


;> . 








(Hodgkin's) 






hapten 
















qtM-H2 


Plasma- 


X,K 


6-Thg 


Normal 


ND 


1.3-7.4 


SRBC 


10 


ND 


ND 


ND 


ND 


No 


23 


■■/.'■ 
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cytoma 




PBL.BM 






HL-60 
















Ibhmc 
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Plasmacytoma y,X 


6-Thg 


CLL 


(10-100)* ND 


SRBC 


<20 


IgM 


ND 


53 f 


>3 


No 


26 








PBL, spleen 






















•GM1500 


LCL h 


y2,x 


6-Thg 


Immune 


18 


ND 


Measles 


ND 


IgM 


ND 


ND 


ND 


Yes 


27 








PBL(SSPE) 






virus 
















• f. 








Type I- 


25 


4.5 


Islet 


0.4 


IgM 


ND 


ND 


>12 


Yes 


30 










diabetes. 






cells 
























PBL 






















KR-4 


LCL 




6-Thg, 
Oua 


11 -specific 
EBVline 


112 


94 


Tetanus 
toxoid 


6 


IgM 


64 


24 


>12 
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31 










Immune 
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0.7-4 


Tetanus 
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IgM 
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22 
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yl.x 
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IgG 
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ND 


10 


Glioma 


ND 
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ND 
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Auto immune 
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17 . 


15 


ssDNA, 

■ platelets, 
erythro- 
cytes 


1-15 


IgM 


ND 


ND 


>7 


7 


38 



; effici en cy detcrniined by limiting dilution. ... 
not done. 

ILr peripheral blood lymphocytes; BM: bone, marrow; CLL: chronic lymphocytic leukemia; SSPE: subacute sclerozing panencephalitis; TT: tetanus toxoid; 
ma £?' Epstein-Barr virus; TIL: tumor infiltrating lymphocytes; PWM: pokevreed mitogen. 
?«TM-H2 derives from RPM18226 which is a plasmacytoma. However, TM-H2 secretes y,x rather than X light-chain dimers and therefore cannot be assumed to 
-*Jjj* plasmacytoma, at present. 

The fusion partner was requested from each author and 6 months given to send the line. In other cases, the authors stated at meetings that the line, was not 
*'*>W>le. Exchange of the line between non-coUaborating-laboratories was also taken as evidence of general availability. KR-4 has been sent out to all three 
J^pratorie* who have requested it to date. 
Division 




on time for the fusion partner. Data on hybridoma not available. 
k Estimate based on assumptions made concerning the number of cells seeded per well. 
. **2L: lymphoblastoid cell line. 
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Preliminary reports suggest that DHMC may also be a 
suitable plasmacytoma fusion partner 26 . This line was 
EBNA- , mycoplasma-free, cytoplasmic Ig + , and posses- 
sed abundant RER; it had 46-47 chromosomes; divided 
every 53 h; and secreted low levels of Ig. Hybridation 
between cultured chromic lymphocytic leukemia 
cells specific for SRBC and DHMC yielded 2.5-84 
hybrids/10' donor cells. These hybrids secreted up to 2U 
ug/rnlIgMXoverme3monmsofme S mdybutitisnotclear 

how the authors selected against the CLL line which also 
secreted IgM of the same anti-SRBC specificity. 

Human lymphoblastoidcell lines as Jusion partners 

The paucity of human myeloma lines has prompted 
other investigators to construct human x human hybrids 
with lymphoblastoid cell lines (LCLs). LCLs established 
from malignant or normal hematopoietic tissue show 
constantassociation withEBV, polyclonal derivation, and 
diploidy. They have numerous free polyribosomes and a 
poorly developed RER and Golgi apparatus. Some of 
these phenotypic features are characteristic for certain 
stages in B-cell differentiation and may play a crucial role 
in supporting the production of antibodies when fused 
with normal B cells. The first LCL fusion partner was 
made by Groce et al. 27 in 1980 and originated from a B-cell 
line, GM1500, established from a patient with multiple 
myeloma. Thisline, GM15006TG-2, secreted IgG2x and 
was reported by Kozbor et al. n to bear the EBV-induced 
nuclear antigen, EBNA, as shown previously for the 
parental GM1500 line 29 . Peripheral blood mononuclear 
cells were obtained from a lethally infected patient with 
subacute sclerosing panencephalitis who had extremely 
high titers (10'*) of anti-measles antibody in her serum. 
These were fused with GM1500 6TG-2 and six clones 
secreting IgM specific for measles virus nucleocapsids 
were isolated. Hybridization frequencies of 18 x 10 
were estimated from data given in the paper and although 
it was not possible to calculate the percentage of hybrids 
specific for the measles virus antigen, the number is 
probably high. This same fusion partner, GM1500 61 0- 
2, was fused in a later study with peripheral blood 
mononuclear cells from a patient with type-I diabetes 
mellitus of 5 months' duration 50 . Only 1 out of 3 attempted 
fusions was successful and in this case a hybridization 
frequencyof25 x 10"' wasobtained. Oneclone(4.5% oi 
all hybrids) produced IgM specific for islet cells in the 
pancreas. This clone has been stable for over a year and 
secretes approximately Q4 fig IgM/ ml. 

The GM1500 6TG-2 cell line has also been mutagen- 
ized and rendered ouabain-resistant 31 . The resulting 
fusion partner, called KR-4 was hybridized with EBV- 
transformed cell lines specific for tetanus toxoid. Hybrid- 
ization frequencies as high as 112 x 10" 7 were obtained 
and 96% of all hybrids stably secreted.IgM specific for 
tetanus toxoid at levels as high as 6 Mg/ml for over 1 year, to 
the present time. Much lower hybridization frequencies 
(4 x 10" 7 ) were obtained between KR-4 and fresh, non- 
transformed peripheral bipod lymphocytes. • 

Another LCLfusion partner, LICR-LQN-HMy2 , was 
derived from ARH 77. This line is EBNA* , hypodiploid 
(43 chromosomes) and secretes IgGlx (Ref. 32). It has a 
doubling time of 20 h and a cloning efficiency of 25% by 
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limiting dilution. The line is mycoplasma-free by the 
fluorescent staining test and possesses human isoenzymes. 
LymphcKytesfromperipheralbloc^.toMdorlymphnode 
all fused with frequencies of approxima tely 1x10 
Hybrids had a model chromosome number of 60 (55-85) 
andsecretedO.S-SMg/mloflgG.Omermvestigatorshave 
successfully derived glioma-specific hybridomas by fusing 
LIC R-LON-HMy2 with tumor-infiltrating lympho- 
cytes 53 In a large study of 180 tumor patients, cells from 
draining lymph nodes were successfully hybridized in 24 
cases and in 9 of these hybridomas were obtained which 
secreted antibody with weak binding to tumor celk. A 
third laboratory (Cote) has also reported success with the 
LICR-LON-HMy2 line 22 . 

Chiorazzirf a/. clonedH351 . 1 (IgMx) from the parental 
line WI-L2 AG R 35scl, and 0467.3 (IgMA) from the 
parental line PGLC33H (Ref. 34). These clones hybrid- 
ized equally well at estimated frequencies of 22 x 10- 
with lymphocytes from spleen, tonsil or peripheral blood 
stimulated in vitro with pokeweed mitogen (PWM). Most ) 
(89%) of the hybrids secreted IgM whereas few (1 1 %) I 
secreted IgG. In one case tonsil lymphocytes from a donor 
immunized with tetanus toxoid (TT) 1 week before 
surgery was fused with 0467.3. Of 21 hybrids (4.7%) 
1 secreted anti-TT and subclones secreted levels of 0.4- 
2.8 Mg/ml for the duration of the study (9 months). A sep- 
arate group has also reported success in deriving IgA, IgG 
and IgM monoclonal antibody against sheep erythrocytes 
by fusing WI-L2-729HF2 with tonsil lymphocytes im- 
munized in vitro 35 . 

Another LCL, UC729-6, has been fused with the drain- 
ing lymph node cells of cancer patients and two hybrids 
were obtained secreting 3-10 Mg/ml of IgM or IgG anti- 
body which reacted with human tumor cell lines but not 
normal cells 56 . The UC729-6 line is a non-Ig secretor, 
cytoplasmic IgM + , surface IgM* , diploid (21p + marker) 

andFcR". . , , . ; 

Three other independent laboratories have usea 
GM4672 which is a LCL subline of the GM1500 ceU 
developed by Croce et al.". Osband et al. fused GM4672 , 
with peripheral blood mononuclear cells immunized w * 
vitro with Rh(D)" erythrocytes 57 . Hybrids secreted , 
0 01-O.1 fig/ml of IgG specific for Rh(D). Shoenfeldrfot £ 
fused GM4672 with blood mononuclear cells stimulated 
by pokeweed mitogen (PWM). Cells from patients witt. 
the autoimmune disorders systemic lupus erythematosus 
and cold agglutinin disease yielded hybridization 
frequencies of 17 x 10 " 7 under optimal conditions^, vi 
108 hybridomas, I6producedautoantibodies(15%), au° 
the IgM class. 7 were specific for ssDN A, 6 for platelets anj 
7 produced cold agglutinins specific for erythrocytes. 
hybridomas except the cold agglutinin secreting lines we^ 
stablefor7 mpnms and secreted m me rar^ofl-15i|^^| 
IgMantibody. Shoenfeldrto/. claim that GM4672 ma yl*| 
EBNA" (Ref 38) whereas Osband et al.» &o n*| 
characterize the line: Since GM4672 is. asuje^ 
GM1500 and we are certain that GM1500 is EBNA then 
it is highly likely that GM4672 is also EBNA* 

Searchfor a Twn-Ig-secrelingjuion partner • _H bv the 

ThepresenceofsecretedlgmoleculessynAesizedDy 

parental plasmacytoma cells dilutes thespecificantiboay 
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Fig. 1 Enrichment for tetanus-toxoid-bindiag B cells by negative pre- selection. 

This technique was first performed in the mouse by Walker «< a/. 67 and is based on the observation that B cells, upon binding of antigen, usually shed 
their surface-Ig receptors and become nude {stripped). Those B cells not binding antigen, and therefore maintaining their surface Ig, are removed by 
resetting with anti-human Ig-coated SRBC, followed by EBV infection. The established antigen-specific cell line is cloned by limiting dilution ona 
feeder layer. The B-cell-enriched fraction is obtained by the removal of monocytes (Mf* ) and cells resetting with SRBC (E* ). (From Ref. 57 .) 



interest. In the murine system this difficulty was overcome 
by the development of two kinds of variants; those that 
synthesize but do not secrete Ig(Refs 39,40) and those that 
, do not synthesize Ig (Ref. 41). Several laboratories are 
iengaged in developing a non-Ig-secreting, HAT-sensitive 
human myeloma. Unfortunately, the chromosome analy- 
sis of the only reported non-Ig-secreting 'human' 
myeloma fusion partner* 4 (RPMI 8226) has revealed it to 
be a mouse line (Pickering, personal communication). 
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with a 

. . rr r^ v^vimauciy j.u makes 
the chance of obtaining a specific hybrid secreting IgG in 
toe order of 10" 9 . 

In-vitro stimulation by antigen prior to fusion may 
"toprove the frequency of positive hybrids: the increase in 



blasts after immunization was indeed shown to be of pre- 
dictive value for the successful generation of specific 
hybrids in the murine system 43 . However, the in-vitro 
stimulation with KLH of peripheral blood lymphocytes 
from non-boosted donors 44,45 as well as stimulation with 
KLH and tetanus toxoid of lymphocytes from immunized 
donors revealed that most of the specific antibody was of 
the IgM class 46,47 . Nevertheless, in-vitro immunized [human 
blood lymphocytes have been fused with KR-4 (Ref. 48) 
and GM4672 (Ref. 37) to generate human monoclonal 
antibodies specific for tetanus toxoid and Rh(D), 
respectively. However, these in-vitro immunizations 
depended on lymphocytes from donors previously im- 
munized with the same antigen. To the best of our know- 
ledge no human hybridoma has yet been constructed with 
human lymphocytes undergoing a truly primary immune 
response in vitro. This is an important goal and would 
greatly increase the flexibility of the hybridoma system 
with respect to the number of antigens which could be 
used. The current limitation would appear to reside in the 
poorly, developed technology for generating specific 
human antibody responses in vitro. As an alternative, poly- 
clonal activators such as PWM or EBV are known to 
trigger both IgM and IgG antibody secretion 49 , and 
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therefore can probably be used in vitro to expand the 
numbers of rare antigen-specific B cells of the appropriate 
isotype prior to fusion. Chiorazzi et al. used PWM- 
stimulated tonsil cells from a donor immunized with 
tetanustoxoidforfusionwith their 0467.3 line 54 . Shoenfeld 
et al. produced data to show that PWM gave a 3-fold 
increase in hybrids between GM4672 and either blood 
mononuclear or spleen cells 38 . 

In a comparative study 48 , we have recently found that 
EBV- transformed human B cells are 36-fold more suscept- 
ible to hybridization (fusion frequency approximately 36 
x 10" 7 ), compared with resting lymphocytes (fusion fre- 
quency 1.0 x I. Or 1 ) and 6-fold to 1 1-fold compared with 
PWM-stimulated cells (fusion frequency 6 x 10'') 
or antigen-stimulated cells w vitrp (fusion frequency 3 x 
10" 7 ). Another advantage of EBV-infected lymphocytes 
over PWM-stimulated blasts lies in their continuous 
growth in tissue culture which allows for the flexibility of 
repeating the fusion experiments at any time. 

Many different organs have been used as a source of 
donor lymphocytes (Table II) including spleen, tonsil, 
bone marrow, lymph node arid peripheral blood but no 
significant differences in fusion frequencies were noted 
and in no case was recovery of higher percentages of 
antigen-specific hybridomas linked to use of a specific 
organ. However, more comparative studies are required. 

The EBV technique 
Immortalization 

Several years before the application of hybndoma 
technology to the production of human monoclonal anti- 
bodies, human lymphoid lines producing antibody with 
defined antigenic specificity were established by EBV 
•immortalization" 0 . Epstein-Barr virus is a lymphotropic 
herpesvirus which transforms normal B lymphocytes, 
making them capable of culture as established lines. Rosen 
etal. 49 demonstrated mat direct infection of purified human 
blood lymphocytes with EBV in vitro induced polyclonal 
secretion of immunoglobulin. Culture supernatants 
assayed by radioimmunoassay contained a heterogeneous 
assortment of immunoglobulin isotypes and antibodies 
specific for various randomly selected antigens. It became 
obvious then, that if monospecific B cells expressing EBV 
receptors could be transformed in vitro into continuous cell 
lines by EBV and if these 'immortalized' cells could be 
triggered to produce antibodies, permanent lines from B 
lymphocytes might be established which were capable of 
producing specific antibodies against any appropriate 
antigen. 

Selection of antigen-specific cells . _ 

in-rfrisnw^quefTOTO^e^^dpma^rocedureFttis^ 

imp<>r^t«Hn!«h^SW^ 
havepi*viouslyix*n-inm^ 

have increased numbers of specific antibody-producing 
cells. The procedure involves two steps: (l)theenrichment 
of cells with receptors for the given antigen; and (2) 
'immortalization' of these cells by EBV infection. Pre- 
selection of antigen-specific cells may facilitate the 
establishment of specific cell lines since even after immun- 
ization t'n vivo, only a small fraction of the B lymphocytes 
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EXPRESSED PHENOTYPE OF HYBRID : Thg S ,Oua R 

Fig. 2 Basis for hybrid selection in HAT medium containing 
ouabain. - , 

6-Thioguanine resistance: 6-thioguanine-resistant (Thg*) cells lack the 
enzyme HGPRT, which is coded by genes on ^Xc^m^ome. There 
isonlyonenanctionalXchTOmosomepercdllo;XYJ,lV,-?^)J- in S 
cells die in HAT medium and, due to a recessive trait of the nig*- muta- 
tion, only the Thf? cells and hybrids with the Thg 5 phenotype expressed 
can survive in HAT medium. 

Ouabain resistance: ouabain resistance is an autosomal dominant trait, 
so only cells which carry this mutation, Oua R , and hybrids will grow in 
ouabam-containing medium. Oua s cells die in the presence of ouabain 
dueto the inhibition of plasma membraneNa*K + -ATPasebythisarug. 

produce the desired antibody. Several methods of pre- 
selection have been tried: (i) antigen-specific lymphocytes 
were enriched by resetting with antigen-coupled eiythro-^ 
cytes 50 " 56 ; (ii) fluorescence-labelled antigen was bound # 
the surface of the antigen-specific cells which were subse; 
quendy separated electronically on the fluorescen 
activated cell sorter (FACS) 57 ; and (iii) cells which did n, 
bind antigen were removed 57 (Fig. 1). However, despite 
the occasional success of these techniques, it is not yet clear 
which type of B cell can be infected and triggered by btfy 
to secrete immunoglobulin, and therefore some metno £ 
of enrichment for antigen-binding cells may lead to . . 
selection of cells which are at an inappropriate stage ° 
maturation for Ig secretion after EBV transformation 
under the conditions employed. An alternative strategy 
involves the transformation of the total B-cell P°P™**T* 
with subsequent cloning and testing for antibody-produ. 
ing cultures 58 ^ 0 . 

Characteristics oj the system 

Using the EBV technique, several cell lines have Dec. 
established and a variety of antibodies obtained: IgM an 
NNP (4-hydroxy-3 ,5-dinitrophenacetic acid) 50 ; IgM a» 
TNP (trinitrophenyl hapten) 5 '; IgM anti - strc P^°J^ 
carbohydrate A(Ref. 52); IgG anti-tetanus toxoid • ; ^ 
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If'and IgM anti-Rhesus antigen D 55 ' 54 ; IgM anti- 
* phosphorylcholine 60 ; IgM anti-IgG complexed with 
antigens (i.e. rheumatoid factor"' 56 ); and IgM anti- 
£ tetanus toxoid 57 . The main limitations of the EBV tech- 
Wnique are the low quantities of antibody produced (< 1 
&fig/ml) and the relative instability (< 8 months) of these 
Slines. The reason for the instability of some of these lines is 
still unclear. In the cell lines which secrete anti-tetanus 
toxoid (TT), declining anti-TT antibody production was 
observed in uncloned bulk cultures 57 . The reason for the 
gradual loss of antibody secretion did not reside solely in 
differential growth rates of producer and non-producer 
cells. It is likely that more complex, intracellular changes 
are involved, such as the selective loss of light-chain 
expression that we observed in one TT-specific, cloned cell 
tline after 8 months of continuous culture". However, it is 
possible to rescue high amounts of antibody production in 
these declining EBV lines by somatic cell hybridization as 
outlined below. 

The EBV-hybridoma technique 

Antibody secretion can be 'rescued' in B cells at various 
stages of maturation. Laskov el al. 61 reported the induction 
of IgM secretion in a murine B lymphoma, which expres- 
sed only surface IgM, by fusion with IgG-secreting 
plasmacytoma cells . Levy and Dilley have demonstrated 62 
jhat human neoplastic B cells which do not normally 
■ijiecrete Ig can be induced to secrete large amounts of Ig 
ten hybridized to mouse plasmacytoma cells, 
ff These results suggested that a general approach to the 
>lishment of human antibody-secreting lines might 
4bbnsist of somatic cell fusion of EBV-transformed cells 
with a plasmacytoma cell line. First, an EBV-transformed 
clone (B6) producing anti-tetanus toxoid antibody and 
obtained from blood lymphocytes of a healthy TT- 
..immunized donor was fused with a non-Ig-producing 
^taurine plasmacytoma P3X63Ag.8 v. 653 and selected in 
T medium containing 10" s Mouabain(Oua), since the 
V-infected lymphocytes used for fusion were immortal- 
and could not be counter-selected otherwise (Fig. 2) s . 
rid clones have been stable for 6 months of culture and 
luced up to 2 fig/ml of specific antibody on days 9 and 
after seeding, whereas the human EBV parent produc- 
pnly 0.85 fig/ml. Clones eventually lost antibody 
uction after 6 months of continuous culture, possibly 
■ due t 0 me inherent chromosomal instability of interspecies 
Hybrids. 

In order to avoid this instability, the EBV-transformed, 
.yjttu-TT-antibody-producing clone (B6) was fused with a 
partner. Because ouabain resistance is a dominant 
t and mouse cells have a naturally 10 000-fold greater 
ce to it than human cells, ouabain became very 
for selecting mouse x human hybrids. However, 
species difference in ouabain sensitivity is of no advan- 
when both fusion partners are of human origin. 
^ferefpre, in order to obtain the human x human 
l )jbrids, especially since both parental cells showed in- 
J??uute outgrowth in vitro, it was necessary to select a 
SJ^Qain-resistant fusion partner. The 6-thioguanine- 
;«jsistantGM1500 6TGA-1 1 human lymphoblastoid cells 
■^re mutagenized by low-level gamma irradiation, select- 
for ouabain resistance and fused with an EBV-trans- 





formed cell line producing anti-TT antibody" Owing to 
the dominance of ouabain resistance and the recessiveness 
of thioguanine resistance in the parental LCL, now desig- 
nated KR-4, only hybrid cells derived from the fusion of 
KR-4 and the EBV clone could survive selection in HAT 
medium containing ouabain (Fig. 2). The hybridomas 
produced 4-fold to 8-fold more anti-TT antibody per 10 6 
cells than did the EBV parent. Biosynthetic labelling of 
proteins followed by SDS-PAGE of immunoprecipitates 
revealed that hybrids synthesized both n and A chains from 
the parental lines as well as x light chains. The EBV-trans- 
formed parental line synthesized very little light-chain in 
comparison to \i chain, a finding which may explain the 
declining anti-TT titer observed during prolonged pro- 
liferation. It is noteworthy that anti-TT production in 
hybridomas remained stable throughout 12 months of 
continuous culture to the present time. Indeed, the karyo- 
type analysis of human x human hybrids indicated that 
chromosome segregation was very limited, and in several 
instances a chromosome model number close to the tetra- 
ploid number was found. 

Therefore, cell fusion of EBV lines and human lympho- 
blastoid or plasmacytoma cell lines in the future are likely 
to yield hybrids that'retain the advantageous features of 
each system while overcoming their pitfalls. It is conceiv- 
able that the hybrid cells will be successfully passed into 
nude mice depleted of natural killer cells; thus solving the 
problem of bulk production. 

The advantages of human monoclonal antibodies 

Human monoclonal antibodies are desirable and have 
advantages over the conventional murine fusion products 
for several reasons: (i) Human monoclonal antibodies are 
preferable for y-globulin therapy because of the risk of sen- 
sitization with xenoantisera. Almost half of the twenty 
patients treated to date in various centres with murine 
monoclonal antibodies have developed an antibody res- 
ponse to the mouse Ig which prevented effective treatment 
(Refs 63-66; H. Sears, B. Atkinson, D. Herlyn et al. , 
unpublished observations). Human Ig would be far less 
immunogenic in humans than xenogeneic mouse Ig. In 
the past y-globulin prophylaxis for infections (tetanus, 
rabies) was switched from horse antiserum to human anti- 
serum, which elicits far fewer adverse reactions. Even 
human Ig, however, may be expected in some cases to 
stimulate a response to allotypic or idiotypic sites, (ii) Auto- 
antibodies or naturally occurring human antibodies could 
be used as antigens to select and develop human mono- 
clonal anti-idiotypic antibodies, which would potentially 
be useful for suppressing the response to auto-antigens or 
transplant antigens, (iii) The human immune response 
would generate a wider range of antibodies against HLA 
and other polymorphic surface determinants than im- 
munization across species barriers, (iv) From the biolog- . 
ical standpoint, human monoclonal antibodies would tell 
us more than murine monoclonal antibodies about the 
spectrum of the human B-cell specificity repertoire. How- 
ever, the difficulties encountered in the murine hybridoma 
field are relevant to the human system as well! 

Possible limitations 

At present human x human hybrids cannot be grown 
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as ascites tumors in mice, a manipulation which would 
increase the yield of antibody by over 1 000-fold. Experi- 
ments are underway in several laboratories to solve the 
problem by using nude mice and immunosuppressive 
treatments designed especially to inactivate natural killer 
(NK) cells. 

The other potential limitation relates to the presence of 
either EBV or retroviruses in monoclonal antibody pre- 
parations intended for human use. Xenotropic retro- 
viruses are released from many murine hybridomas or 
fusion partners and are known to be infectious from 
human cells 68 . This knowledge, however, has not prevent- 
ed the experimental use of murine monoclonal antibodies 
in man (Refs 63-66; H. Sears, B. Atkinson, D. Herlyn et 
al. , unpublished observations). SimilarC-type andA-type 
virus particles have not yet been observed in human fusion 
partners or hybridomas 28 , but the recent discovery of a 
human C-type virus, HTLV, in certain T-cell 
lymphomas 69,70 warrants a closer look at human fusion 
partners of the B-cell lineage. 

The EBV used for human hybridoma work is derived 
from the B95-8 marmoset cell line 71 . This virus transforms 
human B lymphocytes in vitro and the EBV nuclear 
antigen, EBNA, is expressed but the viral cycle is not 
completed. Consequendy infectious virus is not released, 
although the possibility of contaminating hybridoma 
supematants with transforming viral DNA does exist at 
least in theory. However, virus and viral DNA can easily 
be inactivated or removed from antibody preparations 
which can be monitored by sensitive B-cell transformation 
tests and possibly by injection into marmosets, a species in 
which EBV is rapidly fatal. By analogy, hyperimmune 
serum from hepatitis patients is currendy used for y-globu- 
lin prophylaxis after removal of contaminating virus. As 
an additional safeguard, potential recipients of human 
monoclonal antibodies could be screened for serum 
antibodies to EBV. Most adults in Western countries are 
positive, having been exposed to infectious mononucleo- 
sis. Only in the very rare X-linked lymphoproliferative 
syndrome™ would EBV infection be life-threatening. 
Some patients have already been exposed to EBV- 
carrying human hybridomas growing in patients within 
implanted, cell-impermeable chambers (K. Sikora, 
personal communication). As in all novel therapies, the 
potential benefits to the patient will have to be weighed 
against any potential risks. If certain monoclonal anti- 
bodies should prove efficacious in life-threatening human 
diseases, then a decision not to adopt them for widespread 
use because of unproven risks becomes ethically indefens- 
ible. 

Conclusions 

10 human fusion partners have been described for the 
production of human hybridomas. The majority are 
lymphoblastoid cell lines and only 2 are definite plasma- 
cytomas_. A detailed comparison of hybridization frequen- 
cies, yield of antigen-specific hybridomas, immunoglobu- 
lin secretion levels, cloning efficiencies, division times and 
stability does not allow one to choose a clearly superior 
fusion partner and does not allow any generalizations as to 
whether LCL or plasmacytomas are better fusion part- 
ners. However, in several cases efficiency approaches that 
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Fig. 3 Construction of human x human hybridomas with EBV- 
transformcd cell lines. 

B cells from the peripheral blood of an immunized donor or patient are 
infected with EBV, screened for specific antibody production and subse- 
quently fused with a human plasmacytoma or LCL. After selection in 
HAT medium containing ouabain the hybridomas are tested for specific 
antibody production by ELISA, the positive hybrids are cloned, 
recloned and then propagated in bulk culture or (tentatively) in the 
peritoneal cavity of NIC-suppressed nude mice. The number of positive 
hybrids (for example specific for tetanus toxoid) depends on the 
specificity of the EBV cell line. If the fusion is done 2-3 weeks after EBV 
transformation without any selection, then approximately 0.5% of 
hybrids are positive for a given antibody. If the EBV line is already 
selected by partial cloning, the number of positive hybrids can increase 
to 5% of hybrids. (From Refs 3 1 , 46.) 



in the murine system with fusion frequencies of > 35 X 
10" 7 and in vitro secretion levels of > 5 fig/ml specific anti- 
body. Lymphocytes from the spleen, lymph nodes, tonsils, 
bone marrow and peripheral blood of hyperimmune 
patients or in vitro immunized cultures have been fused 
effectively. Thus far it has not been possibleto construct a 
non-Ig-seCreting fusion partner in the human. ' 

A viable alternative to the construction of human 
hybridomas is the use of EBV to immortalize antibody- 
secreting B. cells of chosen specificity. Many 11 human 
monoclonal antibodies have been obtained in this way. 
. However, yields of Ig(<0.5j*g/ml) and long-term stability 
(< 6 months) are often low. One solution has been to fuse 
EBV-transformed cultures with a HAT-sensitive, 
ouabain-resistant LCL to efficiendy rescue high levels (5 
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Jf/ig/ml) of stable (> 1 year) antibody production. This 
I'EBV-hybridoma technique (Fig. 3) offers a high degree of 
flexibility since the use of EBV(i) immortalizes the donor B 
cells for future use and repeated fusions; (ii) aids the expan- 
sion of rare antigen-specific B cells in the peripheral blood 
; prior to fusion; and(iii) increases hybridization frequen- 
cies over 1 0-fold . One limitation of the system is that only 1 
of 21 hybridomas obtained in this way have secreted 
i antigen-specific IgG; most (20/2 1) produce IgM. 
V Human monoclonal antibodies produced by the EB V, 
s£jhybridoma or EBV-hybridoma technique are potential 
H- tools for the diagnosis and treatment of human disease. 
■^However, before this potential is realized, two majorprob- 
fiilems must be resolved. One is the bulk production of 
I monoclonal antibodies by growth of hybridomas as ascites 
: ^tumors in experimental animals. The other is the presence 
j-of either EBV or C-type virus in monoclonal antibody pre- 
.^parations intended for human use. 
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Continuous cultur^pf fused cells /■ ^; 7 ^ 
secreting antibody of predefined specificity 



The manufacture of predefined specific antibodies by means of 
permanent. tissue culture cell lines is of general interest. There 
ii^'ait present a considerable number of permanent cultures of 
myeloma cells 1,1 and screening procedures have been used to 
reveal antibody activity in some of them. This, however, is 
not a satisfactory source of monoclonal antibodiesof predefined 
specificity. We describe here, the derivation of a number of 
tissue culture cell lines which secrete anti-sheep red blood 
cell (SRBC) antibodies. .The cell lines are made by fusion of a 
rnouse myeloma and mouse "spleen cells from an immunised 
donor* To understand the expression and interactions of the 
Ig chains from the parental lines, fusion experiments between 
two known mouse myeloma lines were carried out. 
r. Each immunoglobulin chain results from the integrated 
expression of one of several. V and C genes coding respectively 
for its variable and constant sections. Each cell expresses only 
one of the two possible alleles (allelic exclusion; reviewed in 
itf.: 3). When two antibody-producing cells are fused, the 
products of both parental lines are expressed 4 ' 5 , and although 
the light and heavy chains of both parental lines are randomly 
joined, no evidence of scrambling of V and C sections is 
observed*. These results, obtained in an heterologous system 
involving cells of rat and mouse origin, have now been con- 
firmed by fusing two myeloma cells of the same mouse strain, 
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The protein secreted (MOPC 21) is an IgGl (k) which has been 
fully sequenced 7 -'. Equal numbers of cells from each parental 
line were fused using inactivated Sendai virus" and samples 
confining 2x10 s cells were grown in selective medium in 
separate dishes. Four out of ten dishes showed "growth in 
selective medium and these were taken as independent hybrid 
lines, probably derived from single fusion events. The karyotype 
of the hybrid cells after 5 months in culture was just under the 
sum of the two parental lines (Table 1). Figure 1 shows the 
isoelectric focusing 10 (1EF) pattern of the secreted products of. 
different lines. The hybrid cells (samples c-A.in Fig. 1) give a 
much more complex pattern than either parent (a and b) or a 
mixture of the parental lines (m). The important feature of the 
new pattern is the presence of extra bands (Fig. 1, arrows). 
These new bands, however, do not seem to be the result of 
differences in primary structure; this is indicated by the IEF 
pattern of the products after reduction to separate the heavy 
and light chains (Fig. 15). The IEF pattern of chains of the 
hybrid clones (Fig. IB, g) is equivalent to the sum of the IEF 
pattern (a and b) of chains of the parental clones with no 
evidence of extra products. We conclude that, as previously 
shown with interspecies hybrids 4 -', new Ig molecules are 
produced as a result of mixed association between heavy! and 
light chains from the two parents. This process is ^intracellular 
as a mixed cell population does not give rise to such hybrid 
molecules (compare m an&g, Fig. IX). The individual cells must 
therefore be able to express both isotypes. This result shows 
that in hybrid cells the expression of one isotype and idiotype 
does not exclude the expression of another: both heavy chain 
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Fig. 1 Autoradiograph of labelled compo- 
nents secreted by the parental and hybrid cell 
lines analysed by IEF before (A) and after 
reduction (5). Cells were" incubated in the 
presence of "C-lysine 14 and the supernatant 
applied on polyacrylamide slabs. A,pU range 
6.0 (bottom) to 8.0 (top) in 4 M urea. B,pH 
range 5.0 (bottom) to 9.0 (top) in 6 M urea; 
the supernatant was incubated for 20 min at 
37 °C in the presence of 8/ M urea, 1.5 M 
mercaptoethanol and 0.1 M potassium phos- 
phate pH 8.0 before being applied to the right 
slab. Supernatants from/parental cell lines 
in: a, PI Bui; b, P3-X67Ag8; and m, mixture 
of equal number of PIBul and P3-X67Ag8 
cells. Supernatants from two independently 
derived hybrid lines are shown: c-/, four 
subclones from Hy-3; g and h, two subclones 
from Hy-B. Fusion was carried out 4 -* using 
10* cells of each parental line and 4,000 
haemagglutination units inactivated Sendai 
virus (Searle). Cells were divided into ten 
equal samples and grown separately in 
selective medium (HAT medium, ref. 6). 
Medium was changed every 3 d. Successful 
hybrid lines were obtained in four of the cul- 
tures, and all gave similar IEF patterns. Hy-B 
and Hy-3 were further cloned in soft agar". 
L, Light ;H, heavy. 



*nd provide the background for the derivation and under- 
*tanding of antibody-secreting hybrid lines in which one of 
$e parental cells is ah antibody-producing spleen cell. 
£gJwo myeloma' cell lines of BALB/c origin were used. PI Bui 
jS.resistant to 5-bromo-2'-deoxyuridine 4 , does not grow in 
•'•^Wtive medium (HAT, ref.' 6) and secretes a myeloma protein, 
Adj PC5, which is an IgG2A (k), (ref. 1). Synthesis is not 
felahced and free light chains are also secreted.. The second 



^I^miwj aiiu lice ll&llt niaina aic aisy acucim.. 

'• inc ' P3 - X63A S8, prepared from P3 cells*, is 
.<yPlig ml' 1 . 8-azaguanine and does not grow in H/ 




resistant to 
HAT medium. 



sotypes (yl and ?2a) and both V H and both K L regions 
(idiotypesj are expressed. There are no allotypic markers for 
the" C K region to provide direct proof for the expression of both 
parental C K regions. But this is indicated by the phenptypic 
link, between the V and C regions. 

Figure YA shows that clones derived from different hybridi- 
sation experiments and from subclones of one line are indistin- 
guishable. This has also been observed in other experiments 
(data not shown). Variants were, however, found in a survey of 
100 subclones. The difference is often associated with changes 
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different chains and occasionally with the 
tbtal' disappea^ce of one or other of- the chains. Such events 
■are best -visualised on IEF analysis of the separated chains 
" (for example. Fig. Ih, in 'which the heavy chain of P3 is no 
^ldnger observed). The important point that no new chains are 
detected by IEF complements a previous study 4 of a rat-mouse 
hybrid line in which scrambling of Kand C regions from the 
light chains of rat and mouse was not observed. Jn this study, 
.both light chains have identical C K • regions and therefore 
•.scrambled V L -Ci. molecules would be undetected. On the other 
'hand, the heavy chains are of different subclasses and we 
■' iwpect' scrambled Th-Ch to be detectable by IEF. They were 
31ibt observed in .Uie clones studied and if they occur must do 
, ,so at a lower .frequency, We conclude that in syngeneic cell 
'hybrids (as well as in interspecies cell hybrids) V-C integration is 
hot the result Of cytoplasmic events. Integration as a result of 
DNA translocation or rearrangement during transcription is 
also suggested by the presence of integrated mRNA molecules 11 
" and by the existence of defective heavy chains in which a 
deletion of Kand C sections seems to take place in already 
committed cells". - 

The cell line P3-X63Ag8 described above dies when exposed 
to HAT medium. Spleen cells from an immunised mouse also 
die in growth medium. When both cells are fused by Sendai 
virus and the resulting mixture is grown in HAT medium, 
surviving clones can be observed to grow arid become estab- 
lished after a few ; weeks.- We have used SRBC as immunogen, 
? which 'enabled. us, ; after culturing the fused lines, to determine 
the presence of specific antibody-producing ceils by a plaque 
?&&y'Hti&ai4v^';(&g;'2b). •The hybrid cells were cloned in 
soft agar 14 and clones producing antibody were easily, detected 
by an overlay ,qf "SRBC and complement (Fig. 2A). Individual 
r clones Were isolated and shown to retain iheir pheho'type as 
; almost all the clones of the derived purified line are capable of 
: - lysing SRBC (Fig. 2c)'. The clones were visible to the naked 
eye (for example, Fig. Id). Both direct and indirect plaque 



Fig. 2 Isolation of an anti-SRBC antiba&, 
secreting cell clone. Activity was Irevealedti' 
a halo of haemolysed SRBC. Direct'pUa^ 
given by: a, 6,000 hybrid cells Sp-1 ; b, clSJS 
grown in soft agar.from an inoculum rt2jnr& 
Sp-1 cells; c, recloning of one of the pc^tK* 
clones Sp-1/7; d, higher magnification of » 
positive clone. Myeloma cells (10' P3-X67A 
g8) were fused to 10" spleen cells from an 
immunised BALB/c mouse. Mice were im. 
munised by intraperitoneal injection of 0.2 m i 
packed SRBC diluted 1:10, boosted after I 
month and the spleens collected 4 d later 
After fusion, cells (Sp-1) were grown for 8 <j 
in HAT medium, changed at 1-3 d intervals 
Cells were then grown in Dulbecco modified 
Eagle's medium, supplemented for 2 weeVi 
with hypoxanthine and thymidine. Forty day, 
after fusion the presence of anti-SRBC act" 
ivity was revealed as shown in a. The ratio oi 
plaque forming cells/total number of hybrit 
cells was 1/30. This hybrid cell population 
was cloned in soft agar (50% cloning ef. 
ficiency). A modified plaque assay was used tr 
reveal positive clones shown in b-d as follows 
When cell clones had reached a suitable size 
they were overlaid in sterile conditions wil) 
2 ml 0.6% agarose in phosphate-buffera. 
saline containing 25 ul packed SRBC anc 
0.2 ml fresh guinea pig serum (absorbed with 
SRBC) as source of complement, b. Taker 
after overnight incubation at 37 °C. The ratii 
of positive/total number of clones was 1/33./ 
suitable positive "clone was picked out am 
grown in suspension. This clone was callec 
Sp-1/7, and was recloned as shown in c; ovei 
90 % of the clones gave positive lysis. A secorx 
experiment in which 10«P3-X67Ag8 cells wen 
fused with 10 s spleen cells was the source oi 
a clone giving rise to indirect plaques (clom 
Sp-2/3-3). Indirect plaques were produced b> 
the addition of 1 20 sheep anti-MOPC 21 
antibody to the agarose overlay. ■ 



assays" have been used to detect specific clones, and repr^nta 
tive clones of both types have been characterised and studied 
The derived lines (Sp hybrids) are hybrid cell lines for ;th 
following reasons. They grow m -selectiye medium. £jThei 
karyotype after 4 months in culture (Table 1) is a little smalk 
than the sum of the two parental lines but more than twice.tb. 
chromosome number of normal BALB/c cells, indicating tha 
the lines are not the result of fusion between spleen ceUs.J' 
addition the lines contain a metacentric chromosomrjals 
present in the parental P3-X67Ag8. Finally, the secrete 
immunoglobulins contain MOPC 21 protein in addition . to wv 
unknown components. The latter presumably. repre«njf..u> 
chains derived from the specific anti-SRBC antibOdyrFigure : 3 
shows the IEF pattern of the material secreted by . two sue 
Sp hybrid clones. The IEF bands derived from the parental r 
line are visible in the pattern of the hybrid cells, al^W 
obscured by the presence of a number of new bands^H 
pattern is very complex, but the complexity, of hybrids ot-tn 
type is likely to result from the random /ecombmatiqn^ 
chains (see above, Fig. 1). Indeed, IEF patterns of thereouct 
material secreted by the spleen-P3 hybrid clones g a YS |?i£?i 
pattern of Ig chainsi.The heayy^and /r light .chains^oyne^ 
parental line became prominent, and new bands Were ? p VfZ 
The hybrid Sp-1 gave direct plaques and this suggesteOJU' 
it produces an IgM antibody. This is confirmed »n Fig, ' 
shows the inhibition of SRBC lysis by a specific anPgg 

Table 1 Num ber of chromosom«Mh: parental and hybrid . cejyp 
r . ';,J4umber:br.ctf ^ 



Cell line 
P3-X67Ag8 

Mouse spleen cells' &?? 1 TT^S ^ru in? "' Wofi* 
Hy-B(Pl-P3) ■■•»>•»■■• 112,110,104104,102 - 

.Spliyf.2 - ■ 93,90,89,89,87 

.".. ■ ^,98,96^4,88,,; ;; , r ..; -fej 
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antibody. IEF techniques usually do not reveal 19S IgM 
jnolecules. IgM is therefore unlikely to be present in the 
(jhreduced sample a (Fig. IB) but u chains should contribute 
tp the pattern obtained after reduction (sample a, Fig. IA). 
S'The above results show that cell fusion techniques are a 
powerful tool to produce specific antibody directed against a 
predetermined antigen. It further shows that it is possible to 
isolate hybrid lines producing different antibodies directed 
against the same antigen and carrying different effector func- 
tions (direct and indirect plaque). * 
CThe uncloned population of P3-spIeen hybrid cells seems 
quite heterogeneous. Using suitable detection procedures it 
should be possible to isolate tissue culture cell lines making 
different classes of antibody. To facilitate our studies we have 
used a myeloma parental line which itself produced an Ig. 
Variants in which one of the parental chains is no longer ex- 
pressed seem fairly common in the case of P1-P3 hybrids 
(Fig. 1A). Therefore selection of lines in which only the specific 
antibody chains are expressed seems reasonably simple. 
Alternatively, non-producing variants ?f myeloma lines could 
be used for fusion. 

v We used SRBC as antigen. Three different fusion experiments 
were successful in producing a large number of antibody- 
producing cells. Three weeks after the initial fusion, 33/1,086 
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■ Autoradiograph of labelled components secreted by anti- 

i»m s P ecj fi c hybrid lines. Fractionation before (B) and after (A) 
•eduction was by IEF. pH gradient was 5.0 (bottom) to 9.0 (top) 
^." the presence of 6 M urea. Other conditions as in Fig. I . Super- 
.jnatants from: a, hybrid clone Sp-1/7-2; b. hybrid clone Sp-2/3-3; 
* c, myeloma line.P3-X67Ag8. 



497 



...'v;s*v , .£.a. 



Fig. 4 Inhibition of haemolysis by antibody secreted by hybrid 
clone Sp-1/7-2. The reaction was in a 9-cm Petri dish with a layer' ; 
of 5 ml 0.6% agarose in phosphate-buffered saliriecontaining 1/80 
(v/v) SRBC. Centre well contains 2.5 ul 20 times concentrated 
culture medium of clone Sp-1/7-2 and 2.5 ul mouse serum, a, 
Sheep specific anti-mouse macroglobulin (MOPC 104E, Dr 
Feinstein); b, sheep anti-MOPC 21 (P3) IgGl absorbed with'Adj 
PC-5; c, sheep anti-Adj PC-5 (IgG2a) absorbed with MOPC 21. 
After overnight incubation at room temperature the 'plate .was** 
developed with guinea pig serum diluted- 1:10 in Dulbecco's 
medium without serum::. 



clones (3%) were positive by the direct plaque assays The 
cloning efficiency in the experiment was 50%. In another experi- 
ment, however, the proportion of positive clones was; con- 
siderably lower (about 0.2%). In a third experiment the hybrid 
population was studied by limiting dilution analysis. From 157 
independent hybrids, as many as 1 5 had anti-SRBC activity. 
The proportion of positive over negative clones is remark- 
ably high. It is possible that spleen cells which have been 
triggered during immunisation are particularly successful in 
giving rise to viable hybrids. It remains to be seen whether 
similar results can be obtained using other antigenes. 

The cells used in this study are all of BAL'B/c origin and the 
hybrid clones can be injected intp BALB/c mice to produce 
solid tumours and serum having anti-SRBC activity. It is 
possible to hybridise antibody-producing cells from different 
origins 4,5 . Such cells can be grown in vitro in massive cultures 
to provide specific antibody. Such cultures could be valuable 
for medical and industrial use. t s , 
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Research Article 



Generation of a Large Combinatorial Library of 
the Immunoglobulin Repertoire in 
Phage Lambda 

William D. Huse, Lakshmi Sastry, Sheila A. Iverson, Angray S. Kang, 
Michelle Alting-Mees, Demnis R. Burton, Stephen J. Bbnkovic, 

Rigi-iard A. Lerner 



fit 



A novel b»rt<:<-iophagc limkcLa vector system was used to 
express in Escherichia eoli a combinatorial library of Fab 
frag,ztttMits of llie mouse antibody repertoire. The system 
allows rapid and ea.«y identification of inonoclonal Fab 
fragments in a form suitable for genetic manipulation. It 
was possible to generate, in 2 weeks, large numbers of 
monoclonal Fab fragments against a transition state ana- 
log hapten- The methods described may supersede pre- 
sent-day hybridoma technology and facilitate the produc- 
tion of catalytic and other antibodies. 



ONOCLONAXANTIBOmiiS HAVE fifilEN GENERATED THAT 

catalyze chemical transformations ranging from simple 
.acyl transfer reactions to the energetically demanding 
hydrolysis of the pepride bond in the presence of metal cofacrors {1, 
2-11). Initially, ir was widely held that nncibodica would be most 
ihcfiil for catalysis where their prcdomin.int role was to overcome 
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aitropic bnrricrs that occur along the reaction pathway. The basis of 
this hypothesis was that the chance occurrence of amino acid side 
cha.ins capable of acid base catalysis in proximity to the reaction 
center wns unlikely. However, for some reactions, study oF the jot-I 
rate profile has revealed the participation of monobasic residues. 
Other studies have focused on placing appropriate charges on die 
anrigen to induce specific binding interactions by complementary 
charged amino acid side chains on the antibody (9, 32, 13). Such 
functionalities might parriciparc as a general acid, base, Or nuclco- 

phile in the reaction under study. 

Apart from the validity of the design of the mechanism based 
antigen, the probability of finding anribodjes where particular 
amino acid side chains participate in catalysis also depends on the 
number of different antibodies assayed. Because current methods of 
generating monoclonal antibodies do not provide for on adequate 
survey of the available repertoire, wc have been devising methods to 
clone the antibody repertoire in Escherichia coli and have described 
the preparation of a highly diverse immunoglobulin gene library 
(14). Given the difficulty of expressing both henvy and light chains 
together, wc initially considered d->c construcdon and expression of 
libraries restricted to fragments of die variable region of the 
immunoglobulin (Ig) heavy chain V,, (14). In fact, a recent report 
describes die construction of a plasmid expression library in E. co\i in 
which V H fragments widi affinity for keyhole limpcc hemocyanin 
(KI-H) and lysrwyme have been isolated (15). Howt-ycr. die use of 
isolated Vh fragments as antibody mimics may be lirnkcd because 
(i) the available crystal srruccurcs of ant iliody- antigen complexes 
show considerable contact between antigen and Vl (light chain 
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v.uiablc) domain as well as V H (76). More explicitly, in die enfitf of a 
scries of antibodies to dexrran, die V L domain provides contacts 
critical to antigen binding (17). Thus, it is unlikely that rho affinity 
■ of isolated V M fragments will generally match ihnrof inwet antibod- 
ies, (ii) The absence of the Vl domain le.wes a large hydrophobic 
patch on one f,icc of die V H frAgmcnt, which wilt almost certainly 
lead to increased nonspecificity relative to whole antibodies ( 15). In 
contrast, Fab fragments (antigen binding) have been studied for 
more than 30 years. They behave as whole antibodies in terms of 
anrigen recognition, and their affinity and specificity are well 
defined. Furthermore, for Fab, the combinatorial properties of 
heavy and light chains serve as an important source of diversity. 

In that individual Fab molecules can be expressed and assembled 
In x.\ ct>/i [IS), the route to mimicking the diversity of the ajvribody 
system in vitro should lie in solving the problem of expressing the 
fcpvmrircs of heavy and light chains in combination. Accordingly, 
we used a novel system ro enable the construction of bacteriophage 
lambda (\) libraries expressing a population of functional antibody 
fragments (Fab's) with a potential diversity equal to or exceeding 
thai of die p.irenc animal. 

Criteria for vector construction. To obtain a vecror system for 
generating die: largest number of Fab fragments thai could be 



Light chain vector - Mc1 



Lac z promoter 



screened directly, we constructed the expression libraries in bactcri 
ophagc X for the following reasons. First, in vitro packaging o 

phage DNA is the most efficient method of reintroducing DNA inzc 

host cells. Second, it is possible to dercct protein expression at dv 
level of singie-phage plaques. Finally, in our experience, screens o 
phage libraries diminish the usual difficulties with nonspecifii 
binding. The alternative, plnsmtd cloning vectors are only advanta- 
geous in die analysis of clones after they have been identified. Thi; 
advantage is not lost in our system because we use Xzap II and ar 
able to excise a plasmid (19) containing die heavy chain, light chain 
or Fab expressing inserts. 

The vectors for expression of Vh, Vl, Fv (fragment of tht 
variable region), and Fab sequences arc diagrammed in Figs. 1 mc 
2. They were constructed by a modification of \zap II ( 75) in wliief 
wc inserted synthetic oligonucleotides into rhc multiple cloning site 
The vectors were designed to be antisymmetric with respect to th< 
Not I and Eco RI restriction sites that flank the cloning snc 
expression sequences. This antisymmetry in chc placement of restric- 
tion sites in a linear vector such as bacteriophage allows a librarj 
expressing light chains to be combined with one expressing heav) 
chains in order to construct combinfltorisd Fab expression libraries 
The vector is designed to serve as a cloning vector for ligh 
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MKYUPTAAAGLILLAAQPAM 
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Light chain 



Heavy chain vector - XHcZ = 

, Nir— 

t Lac 2 promot aryr RIBISt 

Combinatorial construct 



2L 



MKYL.LP7AAAGU.LLAAOPAM 



AOVKL 



Leader sequence 



YPYDVPDYAS 



Slop H 



. Decapepude 
N lag 



Heavy chain fragment 
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Leadar sequence 



Lcadsr soqucnes 



ch»ln j Bap 




Terminator col El Inlttaler 



Flfl, 1 . .Combinatorial bacteriophage k vector.syMem for expression of Fab 
antibody fragments. The XLcl vector was constructed for the cloning of 
l'CR. ninplificd produces of mRNA that codu for lighr chain protein by 
inserting die nucleotide sequence shown depicted in Fig. 2A into the 5.ic I 
and Xho I sites of Xfcjp II. Hie .sequence was constructed from ovcrl&ppiEig 
synthetic oligonueleondes varying in length from 25 to 50 nucleotides. The 
XIIr2 vector was constructed for cloning PCR amplified products coding for 
heavy chain Fd sequences by insetting the nucleotide sequence (Kg. 211) into 

1176 



the Not I and Xho I sites of Xrap II. As with the light chain vector, thi 
inserted sequence was con Jinkrciv from overlapping syndietic oligonudco 
cidca. Iho combinatorial constructs diat con express Fab ■ fragmenrs ar< 
generated by cutting DNA isolated from light and heavy chain libraries at dn 
anti.synimctrii: Eco 1U site of each vector, followed by rc-ligarion of thi 
resulting arms. This generates consrrucn having random combination o 
light and heavy chains which can be expressed, upon induction with irrc,i 
from a dlemronic tnRKA from tlic Z pramocer. 
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chain fragments, and AHc2 is designed to sfVas » cloning vector 
for heavy chain sequences in the initial step oTTibrary construction. 
These vectors arc engineered to efficiently done die products of 
PCR amplification with specific rcsiricrion sites incorporated at each 
end (14, IS). The sequence of the oligonucleotides used to construct 
these vectors include elements for construction, expression, and 
secretion, of fab fragments. These oligonucleotides introduce the 
antisymmetric Not I and F.co R.I restriction sires; a leader peptide 
for the bacterid pel JS gene, which has previously been successfully 
used in toll to secrete Pab fragments (18); a ribosomc binding site 
at the optimal distance for expression of die cloned sequence; 

cloning sitw for cither the light or heavy chain PCJR product; and, in 
A.11Y2, A deenpeptide tag at die carboxyl terminus of die expressed 
hcrrvy chain protein fragment. The sequence of die decapeptide tag 
was useful because of the availability of monoclonal antibodies to 
this peptide that were uecd for Lmmunoaffinity purification of fusion 
proteins (20). The restriction endonuclcasc recognition sites includ- 
ed in the vectors were S.ac I and Xba I in XLcl, and Xho I and Spc I 
in XMc2, The vectors were characterized by restriction digest 
analysis and DNA sequencing. 

Choice of antigen anil amplification of antibody fragments. 
We constructed die initial Fab expression library from mRNA 
isolated from a mouse that had been immunized with die KLH- 
coupkd jj-nurophc-nyl phosphonamidacc antigen 1 (NPN) (Fig. 3). 
This antigen was shown by Janda and co-workers (7) to be an 
effective one for the generation of catalytic nnribodics. Also, die 
antibodies for the NPN reaction have been identified and therefore 
fccjlircrc die implementation of assay systems. Finally, successful 
generation of caralytic antibodies generally requites binding to 
relatively small organic haptens, and it was necessary to test the 
suitability of our system for such molecules. 

The VCR amplification of messenger RNA (mRNA) isolated 
from spleen cells or hybridomns with oligonucleotides that incorpo- 
rate restrict ion Sites into die ends of the amplified product Can be 
used to clone and express heavy chain sequences (14, IS). This work 
is now extended to include the amplifi cation of the Fd (Vu - C\{1) 

A ^ 

Fr.fjFll Riliosome Binding Site 

Met Lys Tyr 

a' TGAATTCTAAACTAGTCGCCAAGGAGACAGTCATAATGAAATA 
3' TCGAAGTTAAGAIHGATCAGCGGTTCCTCTGTCAGTATTACTTTAT 

It* Uu Pro Thr Alii Ala Ala Cly Uu Leu Leu Leu Ato Ala Gin P"J 
CC1A1TGCCTACGGCAGCC6CTGGATTGTTATTACTCGCTGCCCAAC. 
GGATAACGGATGCCSTCGECGACCTAACA4TAATGAGCGACGGGTTG 



FAX NO. 



Noil 



Nrol SuCl 

All Mel Al« 81" tcu Stop Slop 

CAGUCATGGCCGAGClCGTCAGTTCTAGAGtTAAGCGGCCG 3' 
GTEGGTACCCGCTCGAGCAGTCAAGATCTCAATTCGCCGGCAGCT B" 



Nail 



JJ1c2 

flibosnmc Binding SiIB 



MkI L T > Tri leu Uu 
GGCCGCAAATTCTAT1TCAAGGAGACAGTCATAATGAAA7ACCTATT 
CGTTTAABATAAAGTTCCTCrCTCAGTATTACTTTATCGATAA 

Ural 

fro Th* . Al? Aln Aki Ply Imj Ltv Uu L*> Ala Atj Cln Pr.u Ala &4vl 

GCCTAeGGCAGCCGCrGCAJTritTATTACTCCCTGCCCAACCAGCCA 
CDC»TGCCGtC6CCn«CCT«nenATAATOA8C0»C<iaaTTCCTCB0T 



Xiiul 

Ijl Lin Lmi ini Glu 



Xbiil Sppl 

1*1 P/0 If AjJ 

lEtCCCAGGTCAAACrGCtCSACAITTCTAGACTACTlACCCfilACfi 
AeCSeeieCAeTTTSACSAflCTCfAAAaATCTGATCAMGCGCATGC 

ttelll 

Vil Prp Asp T(l Gly Sir Sup 
ACGT1Cr.GBAtT«C6611CYT»ATAGAATTCG 
1 GCA A GCCCTC ATCCCA AC AATTATC TT AACt A S t T 

rig. 2. (A) The nucleotide sequence inserted into k-txp II to coitotruct XLcl. 
iB) The initlfiuide sequence inserted into Xwip 11 to consrmci \Uc2. 
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Fig. 3. The transition suite analog 1, which induces antibodies for hydrotys L 




..aptcn I to protein i 
phosphouamidaic ftinctionality is a mimic of the stercoclcetronie feature* of 
the transition ware for hydrolysis of die amide bond. 



and k chain sequences (Pig. 4) from mouse spleen cells. The 
oligonucleotide primers used for these amplifications (Tables 1 and 
2) arc analogous to those that have been successfully used for 
amplification of Yn sequences (14). The set of 5' primers foe heavy 
chain amplification was identical to those used to amplify Vu, and , 
those for light 'chain simplification were chosen similarly (14, 21). 
The 3' primers of heavy (IgGl) and light (k) chain sequences 
included the cysteines involved in disulfide bond formal ion between 

heavy and light chains. At this stage no primer was constructed to 
amplify light (X) chains since they constitute only a small fraction of 
murine antibodies (22). Restriction endonuclcasc recognition se-, 
quenecs were incorporated into the primers to allow for the cloning 
of the amplified fragment inro a X phage vector in a predetermined 
reading frame for expression. 

Library construction. We const mcred a combinatorial library in 
two steps. In the first step, separate heavy and light chain libraries 
were constructed in \llc2 and XLcl, respectively (Fig. 1). In the 
second step, these two libraries were combined at the antisymmetric 
Eco III sites present in each vector. This resulted in a library of 
clones each of which potentially coexpresses a heavy and a light 
chain. The actual combinations arc random and do not necessarily 
reflect the combinations present in the B cell population in the 
parent animal. The XI lc2 expression vector lias been used to create a 
library of heavy chain sequences from DNA obtained by VCR 
amplification of mRNA isolated from the spleen of a 129 Gix H 
mouse previously immunized with NPN conjugal cd to KLH. This 
primary library contains 1.3 X 10 6 plaque-forming units (pfu) and 
hen been screened for the expression of the deenpeptide tog to 
determine die percentage of clones expressing Fd sequences. The 
sequence for this peptide is only in frame for expression after the 
genes for an Fd (or. V H ) fragment have been cloned into the vector, 
At least 80 percent ofthe clones in the library express Fd fragments 
when assayed by immunodetection of the decapepnde tag. 

The light chain library was constructed in die same way as the 
heavy chain and shown to contain 2.5 X 10 6 member*. Plaque 
screening, with an antibody to k chain, indicated that 60 percent of 
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Table 2. Primers used for amplification or k light chain sequences For 
construction of Fab'j. Amplification was performed m five separate rear- 
dons each containing one of the 5' primers (primers 3 to 7) and one of the 
3' primers (primer 9). The remaining 3' primer (primer 8) has been used to 
construct Fv fragments. The underlined portion of die 5' pnmcrs incorpo- 
rue a Sac I restriction site and that of the 3' primer* an Xbn I rcwicuon sire. 



HEAVY CHAIN PHIMER3 



-700 bp 



Fig. 4. I'CR amnJIficarion of rd nnd ic regions Iron'' the spleen mlVNA of a 
mivLV! immunusni with NrN. Amplification was performed as described 
(N) Willi RJtf A-cVJNA hybrids obtained by die reverse transcription ol dw 
niRNA with prinn'r specific Tor Amplification e.f heavy elum sc«nienecs (12, 
TsWe I) «>r lif> chain sequences (9, Tabic 2). Lanes VI to f 8 represent the 
uvuduct otTicftvy chain amplification reactions witli one ol each of die eight 
S' primers (primers 2 to 9. Table 1) and the 3' primer (primer U, Table 1> 
l.fehr dviiii (k) amplification* with die 5' primers (primers 3 to. 7, Table 2) 
and d.c appropriate 3' primer (9, Table 2) are Shown in bncs F9 through 
VI3). A band of 700 base pairs is seen in all lanes indurating the successful 
amplification nf PH nnd v- regions. 

Table 1. Primers used 
for amplification of 
heavy chain Fd frag- 
nuain for construction 
of Fab's. AmplificarUin 

wai performed in eight 

sepAr.xrc rcacTions, each 
containing one of the 5' 
primers (primers 2 to 9) 
and one of the 3' prim- 
ers (primer 12). The re- 
maining 5' primers that 
were, used for amplifica- 
tion in a single rcacrion 
arc sillier a deftcnemic 
primer (primer 1) or a 
primer that incorporates 
uiosine at four degener- 
ate positions (primer 
10). The remaining 3' 
primer (primer 11) has 
been used to construct Pv fragmcriTs, The underlined portion i>f the 5' 
primers incorporates an Xho fsitc and that of the 3' primer on Spc I 
restriction site. 



1) S'-AGGT^^AGcT^ CTCGAGT cTGC-a' 

2} 5 -AGGTCCAGCTC GTQGAC TCTGG.3- 

3) 5 -ACGTCCAGCTG CTCGA GTCAC3G-3- 

4) 5 -AGGTCCACCTT CTC6AG TCTGG-3' 

5) S'-ACCTCCAGCTT CTCGA GTCAGG-T 
>6) 5'-AGGTCCAACTG CTCGA GTCTGG-3' 

7) s -AaaTCOAACTQCJCQAGTCACG-a' 
C) s -AGGTCCAACTT CTOCAG TCTGG-3' 
9) S'-AGGTCCAACTT CTCGA GTCAGG-3' 
10) S 1 - A G G7I I Al CT 1 CT C G A G TC^G G-3 1 



n) 



•CTATTA ACTAOT AACQOTAACAQT- 
GGTGCCTTCCCCCA'3' 
12)5". AGGCTTACJJIGTACA ATCCCTGG- 
GCAGAAT™ 



LIGHT CHAIN PRIMERS 



1 ) S'-CCA GTTCCfi AjjCJTCGTTGTGACTCAGGAATCT -3" 

2) S'-rrafiTTCC GAGCTC GTGTTGACGCACCCQCCC -S" 

3) 5--CCAOTTGC GAC CTCGTGCTCAQCCAGTCTCCA-3- 

4) s'-CCAGTrcceiACCTCCAGATGACCCAGTCTCCA-3■ 

5) 5'- CCAG ATGTijAGCTGGTQATQACCCAQAGTGGA -a- 

6) 5-.CCAGATBT GACGTC GTCATGACCOAGTCTCCA-3- 
1) s'' cCAGTTCCrj^CjCXQGTGATGACAC AGTCTCCA-a' 

0) S'- GCAGCATTC TAGA Gf TTCAGGTCCAGCTTGCC-3' 

0) a: GCGCCC TOTAGA ATTAAC AOTCATTCCTCTTGAA-a' 



IT-' 



the library contained expressed light chain inserts. This relatively 
small percentage oF inserts probably resulted from incomplete 
dcphospliorylation of the vector after cleavage with Sac I and Xba I. 

Once obtained, the two libraries were used to construct a 
combinatorial library by crossing them ac the Eco R.I sice as follow. 
DNA was first purified from each library- The light chain library ww 
cleaved with Mlu I restriction cndoiiuclcaac, the resulting 5', ends 
were dcphoaphorylatcd, and the produce was digested with Eco RI. 
• This process cleaved the left arm of the vector mtQ several pieces; but 
the right arm containing the light chain sequences remained inner. 
The DNA of litsavy chain library was cleaved with Hind III. 
dsphosphorylated, and then cleaved with Jico IU; this process 
destroyed rhc right arnt, but die left arm conraining the heavy chain 
. sequences remained intact- The DNA's so prepared were then muccd 
and ligarc^:^arJij^n.ronlyrcloiwsihtt:.itai^ ftom combina- 
tion ofa right Arm Of lighc chain-^onuinfnc clones and n left arm of 
Itcavy chain-containing clones reconstituted a viable phage- After 
' ligation and packaging, 2.5 x 10 7 clones were obtained. This is the 
' combinatorial Fab expression library that was screened to identify 
• clones having affinity for' NPN. For . determining the frequency of 

' 'U7l '•■'>:>'•■ ■ 



the plwgc clones that coexprcss rhc light and heavy chain fragments, 
we screened duplicate lifts of the combinatorial library for light and 
heavy chain expression. In our examination of approximately 500 
recombinant phage, approximately 60 percenr cocxpi-esied light and 
heavy chain proteins. 

Antigen binding. All three librarici, die light chain, the heavy 
chain, and Fab were screened to determine whether rhcy contained 
recombinant phage that expressed antibody fragments binding 
NPN. In a typical procedure, 30,000 phage were plated and 
duplicate lifos with nitrocellulose screened for binding to NPN 
coupled to li3 l-tabelcd bovine serum albumin (13 S A) (Fig. 5). 
Duplicate screens of 90,000 recombinant phage from die light chain 
library and a similar number from the heavy chain library did not 
identify any clones that bound the antigen. In contrast, rhc screen of 
a similar number of clones from rhc Fab expression library identified 
many pllOgc plaques that bound NPN (Fig. 5). Tins observation 
indicar.es chac, under conditions where many heavy chains in combi- 
nation with light chains bind to antigen, heavy or light chains alone 
do not. Therefore, in die case of NPN, we expece rhar there, are 
many heavy and light chains that only bind antigen when they arc 
combined with specific light and heavy chains, respectively. This 
result supports our decision to screen large combinatorial Fab 
expression libraries. To assess our ability to screen large numbers of 
clones and obtain a more quantitative estimate of the frequency of 
antigen binding clones in rhc combinatorial libraiy, we screened one 
million phigc plaques and identified approximately 100 clones dut 
bound to antigen. For six clones, a region of die plate containing the 
positive phage plaques and approximately 20 surrounding diem was 
"cored," replaced, and screened with duplicate lifts (Fig. 5), As 
expected, die expression products of approximately 1 in 20 of the 
phage specifically bind CO antigen. Phage which were believed to be 
negative on the initial screen did not give positives on replacing. 

To determine the specificity of the antigen-antibody interaction^ 
antigen-binding was subjected to competition with free unlabeled 
antigen (Fig. 6). These studies showed that individual clones could 
be distinguished on die basis of ancigen affinity. The concentration 
- of free haptens required for complete inJiibition of binding varied 
bewecn;10 to ,100 X 1Q"?M, suggesting that the expressed Fab 
fnignients had binrling' ccinsdnts -In rhc nanomolar .raagc. 
. In preparation for characterization of the protein products, a 
plasmid containing the heavy and light chain genes was excised with 
helper phage (Fig. 7), Mapping of the excised plasmid demonstrated 
a restriction pattern consistent with incorporation of heavy and light 
chain sequences. The protein products of one of the clones wa: 
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analyzed hy c'nzymc-linkcd immunosorbJJUsay (EL1SA) and 
immiinoblottiiig to csrablish the composition of the NPN binding 
protein. A bacterial supcrnaianr after UTG (isopropyl chiogslacto- 
sidc) induciion was concentrated and subjected to gel filtration. 
Fractions in the molecular s'm range 40 to 60 kD were pooled, 
concentrated, and subjected to a further gel filtration separation, 
EL1SA analysis of the eluted fractions (Fig- 8) indicated that NPN 
binding was associated with a protein of a molecular size of about SO 
kD, which contained both heavy and light chains. Art immunoblot 
of a concentrated bacterial supernatant preparation under nonreduc- 
ing conditions was developed with antibody to decapepride. Tills 
revealed a 50-kD protein band. We have found that the antigen- 
binding protein can be purified to homogeneity from bacterial 
supernate in two steps involving affinity chromatography on protein 
G followed by gel filtration. 5D5-PAGE analysis of die protein 
revealed a single band at ~50 kD under nonreducing conditions and 
a doublet nt ~25 kD under reducing conditions, Taken together, 
these results sic consistent with NPN-binding being a function of 
Fab fragments in which heavy and light chains are covalcntly linked 
by a disulfide bond. 

Properties of the in vivo repertoire compared to the phage 
combinatorial library. Previously wc constructed a highly diverse 
V B libraiy in E. ccli. We have now combined heavy and light chain 
libraries to clone and express assembled and functional Fab frag- 
ments of immunoglobulin. A moderately restricted library was 
prepared because only a limited number of primers was used For 
polymeric chain reaction (PCR) amplification of Fd sequences. 
The. library is expected to contain only clones expressing K-7I 
sequences. However, rbis is not an inherent limitation of the 
msihod since the addirion of more primers can amplify any andbody 
class or subclass. Despite this restriction we were able to Isolate a 
large number of clones producing antigen binding proteins. 





Fig. 5. «Scrccning phajyt libraries for antigen-binding. Duplicate plaque lifts 
of Fjh (filters A. And B), heavy chain (fihers E and F), and light chain (filters 
G tmd H) expression libraries were screened against 1 '1-labcled BSA 
COiijuK'Ued with NPN at a density of approximately 30,000 pJamics per 
plate. Filter C jnd D illustrate rhc duplicate secondary screening of a cored 
positive from a primary filler A (arrows) as discussed in die text. Standard 
phque lift methods were used in screening. Cells (XI.l blue] infected with 
pK.-igt- wete iiieub.ired on ISO-nun plni« for 4 hours at 37"C, protein 
fvpr'cssion wis induced by overlay widi riirroccUulosc filters soaked in 1 mAf 
Tl'TG, and die plates were incubated at 25°C for 8 hours, Duplicate filters 
were obtained during a second 'incubation under ihe same conditions. Filters 
fterc then blocked in a solution of 1 percent BSA in phnsphiuc-buQcrcd 
saline (MS) fnr I hour before incubarion (with roeltirn;) « 25°Cfor 1 hour 
with i solution of '"J- labeled JiSA (at 0.1 n-M) conjugated to NPN 
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A central issue is how our phage library compares with the in vivo ; 
antibody repertoire in terms of size, characteristics of diversity, and 
ease of access. ' , _ , •' . 1 • .«*••■ ' 

The size of the mammalian antibody ' repertoire is difficult ro'. • 
judge, but a figure of rhe order of XO 6 to 10 s different antigen" ' 
specificirics is often quoted. With some of the reservations discussed ,' 

below, a phage library of this size or larger can readily be construct- , 
cd by' a modification of the method described.; Once" an initial . 
combinatorial library has been constructed, heavy and light chains ; 
can be shuffled to obtain libraries of exceptionally Urge numbers. 1 , • 
In principle, the diversity characteristics of the naive (unirnmii- • ,. 
nized) in vivo repertoire and corresponding phage library arc 
expected to be similar in that both involve a random combination of 
heavy and light chains. However, different factors act to restrict the , 
diversity expressed by an in vivo repertoire and phage library. For' 
example, a physiological modification such as tolerance* will restrict 
the expression of certain antigenic specificities from the in vivo 
repertoire, but these specificities; may still appear in rhc phage , 
library. However, bias in the cloning process may introduce restric- 
tions into the diversity of the phage library. For example, the. ■ 
representation of mRNA for sequences expressed by stimulated B 
cells can be expected to predominate over diosc of unstimulated cells . 
because of higher levels of expression. In addition, the resting 
repertoire might ovcrreprcsent spontaneously activated B cells 
whose immunoglobulins have been suggested to be less specific. In 
any event, mcdiods exist ro selectively exclude such populations of 
cells. Also, the fortuitous presence of restriction sites in the v.iri- .. 
able gene similar ro those used for cloning and combination wiU 
cause diem to be eliminated. We can circumvenr some of dicsc 
difficulties by malting minor changes, such as introducing amber 
mutations in the vector system. Different source tissues (for exam; 
pie, peripheral blood, bone marrow, or regional lymph nodes) and • 
different PCR primers (for example, those to amplify different 
antibody classes), may result in libraries with dififerent diversity 
characteristics. , 

Another difference between in vivo repertoire and phage library is 
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inciibirinn of solutions with plaque lifts from plates containing bacteria 
infected villi a phacy: having no insert. After labeling, filters were washed 
vcp'e.nrdly «y»h rnS containing 0.05 pcrccncTwecn 20 before the overnight 
llcvdiipi'ncnT of aiuor»ilic*grnpVis. 
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Fig. 6, Specificity of antigen bind- 
ing shown by compcurivc inhibj* 
rion. Filter lifts from positive 
plaques were exposed ro '"Habclcd 
BSA-NPN in die presence of in- 
creisine concentrations of rhe inhib- 
itor NPN. A number of phages cor- 
related with Nl'N-binding as in Fig. 
5 were spotted in duplicate (about 
100 particles per spot) directly onto 
a bacterial lawn. The plate was dim 
overlaid with an ll'TG-soaked filler 
and incubated for 19 hours at 25 "C. 

The filter); were then blocked in 1 

percent BSA in PRS bcfnre.incuba- 
lion in IJ5 I-BSA-NPN as done pre- 
viously widi the inclusion of vnrying 
amounts of NPN in the labeling 
solution. Other conditions and pro- 
cedures were as in Fig. 5. The results 
for a phage of moderate affinity arc 
shown in duplicate in the figure. 
Similar results were obtained for 
four Other phages widi some differ-- 
ences in the eflectivc inhibitor con- 
ciTJtrndon ranges. 
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FiO 7. A plasmid can be excised 
from >Lcl, XHc2, and their eombi- 

.Mtion because U.cy "a a moUito- 

tion of Xz»p II. M13mp8 was vised 
at helper phage and die excised 
plasmid wss inFectcd into a a«r- 
rivaiivc of MCIQ61. The excised 
nhsroid contains tlia wme eo.i- 
structs for antibody fragment 
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Fig. 8. Character™ w ^ST- 
partially puriHed b,cteri,« .upturn .of «i N ™ >^ f UcJ u , 

absorbanre waft read at 405 nm. 



determining regions (COR 0 (-■>) "" „ d ; „ of , 

assayed for inrrcasrf tacu ^'.tTo"ta«S Ac o n fc 11*. « 
etac *» bind, aac*™ «■» * f 'r ^IIL Vtotol » *« 

<° ^ZStt of to co,r, r 0« in 

via immunization, winch a a w^"™ 1 ' o ^plc, 
The Dbaec library is not similarly rcswtctca. roi ^ r < 
tfruty. The phage rary antibodies widi catalytic 

Ac only gcttrt n*rf ^ denujy £ ^ rf ^ * 

«^y-^ ab ^ tt ^^ y „2h« 0 m reactions where a 
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^ W described procedures for the generation of Fab frag- 
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" Convinced at the correctness of his V-dimensional moSel of /he 
universe, theorist Martin Nowsky was rot above letting it directly, . 
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